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&KDSLWUH ,9 ± &DUDFWpULVDWLRQ pOHFWURFKLPLTXH HW SURSULpWpV pOHFWUR












































WDLOOH OHXU IRUPH OHXU GLPHQVLRQ ' '« VRQW DXWDQW GH SDUDPqWUHV TXL SHXYHQW rWUH
FRQWU{OpV'HSOXVOHVPpWDX[QREOHVRQWSURXYpOHXUHIILFDFLWpGDQVOHVDSSOLFDWLRQVHQUHODWLRQ
DYHF OHV pQHUJLHV SURSUHV j VDYRLU OD SURGXFWLRQ G¶K\GURJqQH SDU UpGXFWLRQ GHV SURWRQV OD
UpGXFWLRQGHO¶R[\JqQHHWGXSHUR[\GHG¶K\GURJqQHRXHQFRUHGDQVO¶R[\GDWLRQGHVDOFRROV
/¶DVVRFLDWLRQ FRQWU{OpH GH FHV GHX[ FRPSRVDQWHV OH SRO\R[RPpWDOODWH HW OD QDQRSDUWLFXOH































Chapitre I - Repères bibliographiques 
I.1.Présentation générale des polyoxométallates 
I.1.1. Définitions 
/HVSRO\R[RPpWDOODWHV 320VVRQWGHVHQWLWpVSRO\QXFOpDLUHV UpVXOWDQWGH ODFRQQH[LRQGH


































DFWLYLWpDQWLWXPRUDOHHWDQWLUpWURYLUDOH OH PDJQpWLVPH PROpFXODLUH O¶pOHFWURQLTXHHW
O¶RSWLTXHRXHQFRUHODVpSDUDWLRQGHVGpFKHWVQXFOpDLUHV




QRPEUH GH VWUXFWXUH W\SLTXHV (Q FH TXL FRQFHUQH OHV LVRSRO\DQLRQV DVVHPEODJH GH
JURXSHPHQWV^02`GHQXFOpDULWpYDULDEOHOHV320VGHW\SH/LQGTXLVWGHIRUPXOHJpQpUDOH




















FRPPH XQH FDJH FRPSRUWDQW TXLQ]H FHQWUHV 3G DLQVL TX¶XQH PROpFXOH G¶HDX OLEUH
/¶K\GURO\VHEDVLTXHGH+$X&OVXLYLGHODFRQGHQVDWLRQPqQHjODIRUPDWLRQGHVK\GUR[\GHV
>$X2+@HWTXLPLVHQSUpVHQFHGH$V2SURGXLWOHSRO\R[RDXUDWH>$X$V2@/HV
TXDWUH FHQWUHV $X,,, VH WURXYHQW HQ SODQ FDUUp UHOLpV SDU TXDWUH SRQWVR[R HW DUVpQDWHV 7RXW
FRPPH OHV SRO\R[RSDOODGDWHV OHV SRO\R[RQLREDWHV SUpVHQWHQW pJDOHPHQW GHV SURSULpWpV
LQWpUHVVDQWHVSRXUODFDWDO\VH/¶H[HPSOHGXFRPSRVp>6L2+6L1E2@GH1\PDQHWDO
FRQVLVWH HQ O¶DVVHPEODJH GH VHL]H RFWDqGUHV ^1E2` IRUPDQW GHV LRQV GH W\SH .HJJLQV


















I.1.2.a. Les polyoxométallates de type Keggin 
/D VWUXFWXUH .HJJLQ ^;0` SHXW rWUH GpFULWH FRPPH O¶DVVHPEODJH GH TXDWUH JURXSHPHQWV








































GHX[ YRLUH WURLV JURXSHPHQWV ^02` FH TXL HQWUDLQH GRQF OD IRUPDWLRQ GH GpULYpV
PRQRYDFDQWV >;Q02@Q GLYDFDQWV >;Q02@Q HW WULYDFDQWV >;Q02@Q
ILJXUH'DQVODSUDWLTXHFHVHVSqFHVODFXQDLUHVVRQWSUpSDUpHVGLUHFWHPHQWjSDUWLUG¶XQH



















 OHV FRPSRVpV SUpVHQWDQW OH SOXV JUDQG QRPEUH GH ODFXQHV VRQWREWHQXV HQ PLOLHX SOXV





























I.1.2.b. Les polyoxométallates de type Dawson 
/DVHFRQGHJUDQGH IDPLOOHSDUPL OHVSOXV LPSRUWDQWHVHVWFHOOHGHV320VGHW\SH'DZVRQ
>;Q02@QILJXUH/H320GHW\SH'DZVRQSHXWrWUHGpFULWFRPPHO¶DVVHPEODJH
GH GHX[ IUDJPHQWV WULYDFDQWV ^;0` /H FOXVWHU GH V\PpWULH 'K HVW FRPSRVpH GH GHX[
IUDJPHQWV^02`DSSHOpVFRXURQQHVFKDFXQHOLpHWURLVIRLVjO¶KpWpURpOpPHQWFHQWUDOTXLHVW
HQ HQYLURQQHPHQW WpWUDpGULTXH &HV GHX[ FRXURQQHV VRQW SULVHV HQ ©VDQGZLFKª SDU GHX[
WULDGHV^02`DSSHOpHVFKDSHDX[
/&:%DNHUHW-6)LJJLVRQWHQYLVDJpO¶H[LVWHQFHGHVL[LVRPqUHVĮȕȖHWĮȕȖ
/HV LVRPqUHV ȕ HW Ȗ VRQW REWHQXV SDU URWDWLRQ GH ʌ G¶XQH RX GHV GHX[ WULDGHV ^02`





'H OD PrPH PDQLqUHTXHSRXU OHV320VGH W\SH.HJJLQ LO HVWSRVVLEOHGHV\QWKpWLVHUGHV
320VODFXQDLUHVGHW\SH'DZVRQSDUK\GURO\VHEDVLTXHPpQDJpH,OHQH[LVWHWURLVSULQFLSDX[
O¶LRQPRQRODFXQDLUH^;0`TXLSHXWrWUHGHW\SHLVRPpULTXHĮRXĮVLODODFXQHVHWURXYH























VHUDLHQW OLpHVRUWKRJRQDOHPHQWV\PpWULH&YFHTXLPqQHUDLWj OD IRUPDWLRQGH^3:`HQ
SUpVHQFHG¶LRQVSRWDVVLXPLLOHVGHX[HQWLWpV^3:`VHUDLHQWOLpHVOLQpDLUHPHQWV\PpWULH
&KHWIRUPHUDLWGRQFXQHFKDLQHSRO\PqUH&HWWHHVSqFHSHXWrWUHREWHQXHVHXOHPHQWGDQV
OH FDV G¶XQH DFLGLILFDWLRQ GH ^3:` VDQV SUpVHQFH GH WXQJVWDWH 'DQV OH FDV FRQWUDLUH OD


















WRXV OHV GRPDLQHV GH OD FKLPLH /HV 320V QH GpURJHQW SDV j FHWWH UqJOH 'XUDQW FHV GL[
GHUQLqUHVDQQpHVGHQRPEUHXVHVSXEOLFDWLRQVSRUWDQWVXUODV\QWKqVHGHV\VWqPHVK\EULGHVj
EDVHGHSRO\R[RPpWDOODWHVVRQWDSSDUXHV3DUGpILQLWLRQOHWHUPHK\EULGHLPSOLTXHODSUpVHQFH
G¶XQH SDUWLH LQRUJDQLTXH HW G¶XQH VHFRQGH RUJDQLTXH 2U OHV 320V DXVVL SHUPHWWHQW






























I.1.3.a. Polyoxométallates substitués par des éléments des blocs d, p et f 
x (VSqFHVLQFRUSRUDQWGHVpOpPHQWVGXEORFG









'DQVFHWWHSDUWLH OHVH[HPSOHV VHURQW OLPLWpVDX[SRO\R[RWXQJVWDWHV/HVFRPSRVpVGHW\SH
.HJJLQPRQRVXEVWLWXpVSRXUOHVTXHOVODVWUXFWXUHQ¶HVWSDVGpVRUGRQQpHVRQWUDUHV(QHIIHWOH
PpWDOTXLSUHQGOLHXHWSODFHG¶XQJURXSHPHQW^02`HVWHQJpQpUDOGLVWULEXpHQWDX[SDUWLHOV





GLPqUH FRPSRVp GH GHX[ HQWLWpV ^;:` R OHV PpWDX [ G H WUDQVLWLRQ VRQW OLpV j FKDT XH
PRQRPqUHSDUGHVSRQWVR[R,OH[LVWHpJDOHPHQWG¶DXWUHVVWUXFWXUHVFRPPHSDUH[HPSOH OH
FRPSOH[H >+3:1L22++2@ V\QWKpWLVp SDU .RUW] HW DO /HV WURLV ODFXQHV VRQW
FRPSOpWpHV SDU WURLV DWRPHV GH QLFNHO HQ HQYLURQQHPHQW RFWDpGULTXH HW OD VWUXFWXUH HVW


















HQFDWDO\VHRXHQ PDJQpWLVPH PROpFXODLUH/HVHVSqFHV ODFXQDLUHVRQWSRXUSDUWLFXODULWp
G¶rWUH GLDPDJQpWLTXHV HW DJLVVHQW GRQF FRPPH XQH HQYHORSSH SURWHFWULFH SRXU OLPLWHU OHV
LQWHUDFWLRQV PDJQpWLTXHV LQWHUPROpFXODLUHV &HV FRPSRVpV VDQGZLFKV VRQW UpSHUWRULpV HQ
SOXVLHXUVFODVVHV(OOHV VRQWGpILQLHVVXLYDQW OH IDLWTXH O¶KpWpURpOpPHQWSRVVqGHRXQRQXQH
SDLUH OLEUH G¶pOHFWURQV 'DQV OH SUHPLHU FDV GHX[ SRVVLELOLWpV VRQW HQYLVDJHDEOHV OHV
VDQGZLFKV G¶+HUYp GH IRUPXOH ^;:20+2` HW OHV VDQGZLFKV GH :HDNOH\ GH

















































LQRUJDQLTXH ,O H[LVWH TXHOTXHV H[HPSOHV R FHV pOpPHQWV VH FRPSRUWHQW FRPPH GHV
pOHFWURSKLOHV FODVVLTXHV .XUDVKLQD HW DO RQW UpXVVL j REWHQLU OH FRPSOH[H
>^Į3:26L2`2@ j SDUWLU G ¶XQH VROX WLRQ G H ^Į3:` j ODTXHOOH HVW


























YDFDQWV ,O HVW PrPH SRVVLEOH G¶REWHQLU XQ GLPqUH j SDUWLU GH O¶LVRSRO\R[RPpWDOODWH GH
/LQGTXLVWPRQRYDFDQWFRPPHO¶DUDSSRUWp$OPHLGD3D]HWDODYHFOHODQWKDQH'HSOXVOHV






































DO RQW UpXVVL OH JUHIIDJH VXU XQ 320 GH W\SH 'DZVRQ ^3:9` /¶XWLOLVDWLRQ G¶XQ
SRO\R[RWXQJVWDWH VXEVWLWXp DX YDQDGLXP V¶H[SOLTXH SDU OH IDLW TXH OH YDQDGLXP SHUPHW GH












H[HPSOH OH FDV GX GLPqUH ^3:9` SRQWpVSDU XQ OLJDQG ELVWULRO TXL YD IRUPHU GHV
YpVLFXOHVHQPLOLHXDFpWRQHHDXHQSUpVHQFHGHVFRQWUHLRQVWpWUDEXW\ODPPRQLXP7%$/HV




















I.1.3.c. Autres systèmes mixtes 






















LQpGLWHV (Q HIIHW XQ H[HPSOH FRQFUHW HVW OH JUHIIDJHGX IUDJPHQW ^0R26` VXU O¶HVSqFH
ODFXQDLUH >%Į$V:2@ (Q IRQFWLRQ GH OD QDWXUH GX FRQWUH LRQ XWLOLVp ORUV GH OD
SUpFLSLWDWLRQGXSURGXLWILQDOHWGHODWHPSpUDWXUHODPRGXODULWpGHODVWUXFWXUHIRUPpHSHXWrWUH








GLYHUVHV DTXR DPLQR K\GUXUH KDORJpQXUH« 'H QRPEUHX[ FRPSRVpV LQFRUSRUDQW FHWWH
EULTXH ^0R6` RQW pWp LVROpV GHSXLV TXHOTXHV DQQpHV± /D FRPELQDLVRQ GX IUDJPHQW
^0R6` DYHF GHV 320V WULYDFDQWV PqQH YHUV OD FUpDWLRQ GH FRPSRVpV LQpGLWV GX W\SH
>+$V:20R60+2@0 1L3GROHF°XUHVWVWDELOLVpSDUTXDWUHFOXVWHUV
^$V:`YLDGHV OLDLVRQV K\GURJqQHVGHV LQWpUDFWLRQVpOHFWURVWDWLTXHVHW OD IRUPDWLRQG¶XQH
OLDLVRQPpWDOPpWDOHQWUHOHVDWRPHVGHSDOODGLXPRXGHQLFNHO/¶HQWLWpHVWpJDOHPHQWFDSDEOH
G¶LQWpJUHU XQ 320 GH W\SH 'DZVRQ ^;:` ;   $V,,, 6E,,, 7H,9 HQ VXEVWLWXDQW XQ
JURXSHPHQW^:2`HWIRUPHUDLQVLOHVHVSqFHV>;Q:0R6+22@Q
x 6\VWqPHVK\EULGHVpWHQGXVOHV3202)V
/HV 320V SUpVHQWDQW SOXVLHXUV VLWHV GH FRRUGLQDWLRQ FRQQHFWpV HQWUH HX[ SDU GHV OLJDQGV























/HV SRO\R[RPRO\EGDWHV OHV SOXV VSHFWDFXODLUHV VRQW OHV FOXVWHUV ©JpDQWVª V\QWKpWLVpV SDU




j GHV SRO\R[RPRO\EGDWHV GH WUqV KDXWH QXFOpDULWp HW GH IRUPHV WUqV YDULpHV QRWDPPHQW OD





























/HV VWUXFWXUHV GHV V\VWqPHV K\EULGHV QH VH OLPLWHQW SDV j FHV GLIIpUHQWV H[HPSOHV ,O HVW




















&HWWH SUpVHQWDWLRQ QH SUpWHQG SDV rWUH H[KDXVWLYH PDLV GRQQH XQ DSHUoX GH OD ULFKHVVH
VWUXFWXUDOHGHVSRO\R[RPpWDOODWHV
I.2.Les polyoxométallates comme précurseurs de synthèse de nano-
objets 
I.2.1. Brève introduction sur les nanostructures 
/HV QDQRSDUWLFXOHV 13V VRQW GHV QDQRREMHWV GRQW OHV WURLV GLPHQVLRQV VRQW j O
pFKHOOH
QDQRPpWULTXH F
HVWjGLUH XQH SDUWLFXOH GRQW OH GLDPqWUH QRPLQDO HVW LQIpULHXU j  QP
HQYLURQRXGRQWDXPRLQVXQHGLPHQVLRQVHVLWXHjO¶pFKHOOHQDQRPpWULTXH/¶KLVWRLUHGHV13V
UHVWH WUqV UpFHQWH PrPH VL DX 0R\HQ$JH HOOHV pWDLHQW QRWDPPHQW XWLOLVpV SRXU FRORUHU OH
YHUUH HW REWHQLU OHV YLWUDX[ SXLVTXH F¶HVW HQ  TXH 5LFKDUG )H\QPDQ pPHW O¶LGpH GH





















VRQW LQWHUPpGLDLUHV HQWUH OHV VXVSHQVLRQV SDUWLFXOHV GH WDLOOH VXSpULHXUH j  QP HW OHV
VROXWLRQVYUDLHVSDUWLFXOHVGHWDLOOHLQIpULHXUHjQP
'HPDQLqUHJpQpUDOHODV\QWKqVHGHQDQRSDUWLFXOHVRXFROORwGHVVHIDLWSDUGHX[DSSURFKHV
SRVVLEOHV O¶DSSURFKH ©ERWWRP ± XSª HW O¶DSSURFKH ©WRS ± GRZQª ILJXUH  'DQV OH
SUHPLHU FDV LO V¶DJLW GH IRUPHU OHV QDQRSDUWLFXOHV j SDUWLU GHV DWRPHV FRUUHVSRQGDQW SDU
JHUPLQDWLRQFURLVVDQFHYRLHFKLPLTXHFRQVWUXFWLRQGHODPDWLqUHSDUDVVRFLDWLRQGHEULTXHV
pOpPHQWDLUHV'DQVOHVHFRQGFDVRQSDUWGXPpWDOEUXWPDVVLITXHO¶RQYD©FDVVHUªMXVTX¶j
REWHQWLRQ GH SDUWLFXOHV j WDLOOH QDQRPpWULTXH YRLH SK\VLTXH EUR\DJH DEODWLRQ ODVHU
OLWKRJUDSKLH« $ILQ GH SHUPHWWUH OH FRQWU{OH GH OD WDLOOH HW GH OD PRUSKRORJLH GHV
QDQRSDUWLFXOHV LO HVW QpFHVVDLUH G¶XWLOLVHU XQ VXUIDFWDQW RX WHQVLRDFWLI TXL YD VWDELOLVHU OHV
QDQRSDUWLFXOHV /D VWDELOLVDWLRQ GHV QDQRSDUWLFXOHV SDU OH VXUIDFWDQW SHXYHQW rWUH GLYHUVHV
VWDELOLVDWLRQ VWpULTXH HWRX VWDELOLVDWLRQ pOHFWURVWDWLTXH /H VXUIDFWDQW YD DYRLU GHX[ U{OHV
SRVVLEOHV L OLPLWHU OD FRDOHVFHQFH HW OH PULVVHPHQW G¶2VWZDOG HW LL LQWHUDJLU
VSpFLILTXHPHQW DYHF FHUWDLQHV IDFHV FULVWDOOLQHV SRXU RULHQWHU GLULJHU OD FURLVVDQFH /H








/¶LPSRUWDQFH GH FRQWU{OHU O¶DVVHPEODJH GHV QDQRVWUXFWXUHV GXUDQW OHXU IRUPDWLRQ HVW
SULPRUGLDOHSRXUREWHQLUOHVSURSULpWpVFKLPLTXHVSK\VLTXHVHWRSWLTXHVYRXOXHV(QHIIHWOD
WDLOOHHWODIRUPHGHFHVPDWpULDX[YRQWMRXHUXQU{OHFOpSRXUO¶DSSOLFDWLRQYLVpH/HVPDWpULDX[
QDQRPpWULTXHV RQW PDLQWHQDQW XQ JUDQG QRPEUH G¶DSSOLFDWLRQV OD PpGHFLQH OH
PDJQpWLVPHOHVELRVHQVHXUVO¶LQIRUPDWLTXHODOLWKRJUDSKLHRXHQFRUHODFDWDO\VH






FRPSRVLWLRQV GH FHV PDWpULDX[ OHXU FRPSRUWDQW UHGR[ SHXW rWUH KDELOHPHQW FKRLVL SRXU
O¶DSSOLFDWLRQYLVpH&¶HVWjSDUWLUGHFHVFRQVLGpUDWLRQVTX¶LODpWpHQYLVDJpG¶XWLOLVHUOHV320V
j OD IRLV FRPPH UpGXFWHXU HW FRPPH VXUIDFWDQW SRXU OD V\QWKqVH GH QDQRVWUXFWXUHV
PpWDOOLTXHV /HV 320V SUpVHQWHQW SOXVLHXUV pWDWV UHGR[ FRPPH SDU H[HPSOH O¶LRQ
SKRVSKRWXQJVWDWHV GH W\SH .HJJLQ >3:2@ 7RXWHIRLV O¶DXJPHQWDWLRQ GH OD FKDUJH GH
O¶DQLRQSHXWrWUHFRXSOpHDYHFVDSURWRQDWLRQHQPLOLHXDFLGHS+ߙ െ ሾܲ ଵܹଶ ସܱ଴ሿଷି ൅ ݁ି ൌ ߙ െ ሾܲ ଵܹଶ ସܱ଴ሿସି ߙ െ ሾܲ ଵܹଶ ସܱ଴ሿସି ൅ ݁ି ൌ ߙ െ ሾܲ ଵܹଶ ସܱ଴ሿହି ߙ െ ሾܲ ଵܹଶ ସܱ଴ሿହି ൅  ?݁ି ൅ ܪା ൌ ߙ െ ܪሾܲ ଵܹଶ ସܱ଴ሿ଺ି 
,OHVWSRVVLEOHG¶pWDEOLUGHVUHODWLRQVVLPLODLUHVSRXUOHV320VGHW\SH'DZVRQGDQVOHVPrPHV
FRQGLWLRQVGHS+ ߙ െ ሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଺ି ൅ ݁ି ൌ ߙ െ ሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଻ି ߙ െ ሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଻ି ൅ ݁ି ൌ ߙ െ ሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଼ି ߙ െ ሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଼ି ൅  ?݁ି ൅  ?ܪା ൌ ߙ െ ܪଶሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଼ି ߙ െ ܪଶሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଼ି ൅  ?݁ି ൅  ?ܪା ൌ ߙ െ ܪସሾ ଶܲ ଵ଼ܹܱ଺ଶሿ଼ି 
/HVHVSqFHVWXQJVWLTXHVRXPRO\EGLTXHVUpGXLWHVSUpVHQWHQWODSDUWLFXODULWpG¶XQFKDQJHPHQW
GHFRXOHXUTXLWLUHYHUVOHEOHX©KHWHURSRO\EOXHVªRXYHUVOHPDUURQ©KHWHURSRO\EURZQVª





































GH FHV PDWpULDX[ HW UHQGUH OHXU IRUPDWLRQ UHSURGXFWLEOH ,O D pWp UpFHPPHQW PRQWUp TXH OH
FRQWUHLRQGX320SHXWpJDOHPHQWMRXHUXQU{OHLPSRUWDQW(3DSDFRQVWDQWLQRXDUpXVVLj
FRQWU{OHU OD WDLOOHHW ODSRO\GLVSHUVLWpGH13VG¶$JVWDELOLVpHVSDUXQ320HQ MRXDQWVXU OD
YLWHVVHGHUpGXFWLRQGXFDWLRQ$J(QHIIHWHQDXJPHQWDQWODYLWHVVHGHUpGXFWLRQGXFDWLRQ
PpWDOOLTXHLODREWHQXGHVQDQRSDUWLFXOHVSOXVSHWLWHVHWXQLIRUPHV&HWWHYLWHVVHGHUpGXFWLRQ
GHV FDWLRQV PpWDOOLTXHV SOXV pOHYpH HVW REWHQXH HQ DXJPHQWDQW OD FRQFHQWUDWLRQ LQLWLDOH HQ
320V RX HQ XWLOLVDQW XQ 320 DYHF GHV SRWHQWLHOV GH UpGXFWLRQ SOXV QpJDWLIV $ O¶LQYHUVH
O¶DXJPHQWDWLRQGHODFRQFHQWUDWLRQHQFDWLRQV$JYDHQWUDLQHUODIRUPDWLRQGHSDUWLFXOHVSOXV





































   
   
   
   
   













,O H[LVWH pJDOHPHQW TXHOTXHV H[HPSOHV GH V\QWKqVHV SOXV H[RWLTXHV FRPPH SDU H[HPSOH OD
IRUPDWLRQGHQDQRSDUWLFXOHVGHSODWLQHSDUV\QWKqVHDX[PLFURRQGHV

I.2.3. Photochimie des polyoxométallates 
/DSKRWRFKLPLHHVWXQHGHVSULQFLSDOHVWHFKQLTXHVXWLOLVpHSRXUODIRUPDWLRQGHQDQRSDUWLFXOHV
GHPpWDX[QREOHVjSDUWLUGHSRO\R[RPpWDOODWHV$ILQGHPLHX[FRPSUHQGUHOHVSKpQRPqQHV
HQWUDQWHQMHXDXFRXUVGHO¶LUUDGLDWLRQGHVSRO\R[RPpWDOODWHV LOHVW LPSRUWDQWG¶pWXGLHU OHXU
FRPSRUWHPHQWSKRWRFKLPLTXH






GH UpGXFWLRQ GX +3:2 SDU UpDFWLRQ DYHF GX QLWUDWH G¶DUJHQW SXLVTX¶LO D REVHUYp OD
IRUPDWLRQG¶DUJHQWPpWDOOLTXHVXLWHjODUpGXFWLRQGHVLRQV$JSDUOH320SKRWRUpGXLW,O
UHPDUTXHTX¶XQHPROpFXOHGH320UpGXLWXQDWRPHG¶DUJHQWHWHQFRQFOXWTXHOH320DYDLW
GRQFpWp UpGXLWjXQpOHFWURQ ,O D IDOOXHQVXLWHDWWHQGUH OHGpEXWGHVDQQpHVSRXUYRLU
DSSDUDLWUH O¶XWLOLVDWLRQ GH 320 UpGXLW SDU SKRWRFKLPLH SRXU OD V\QWKqVH GH QDQRSDUWLFXOHV





/D YLWHVVH HW O¶pWDW GH UpGXFWLRQ GX 320 REWHQX SDU SKRWRFKLPLH YRQW rWUH GpWHUPLQpV SDU
SOXVLHXUVIDFWHXUVILJXUHOHS+GHODVROXWLRQOHGRPDLQHGHORQJXHXUG¶RQGHGDQVOHTXHO
O¶LUUDGLDWLRQHVWHIIHFWXpH ODFRQFHQWUDWLRQ LQLWLDOHHQ320 ODFRQFHQWUDWLRQHW ODQDWXUHGX
GRQQHXU G¶pOHFWURQ VDFULILFLHO« /¶XWLOLVDWLRQ G¶DOFRROV SULPDLUHV PpWK\O pWK\O RX SURS\O
FRPPH GRQQHXU G¶pOHFWURQ VDFULILFLHO YRQW FRQGXLUH j OD IRUPDWLRQ GHV DOGpK\GHV
FRUUHVSRQGDQW (Q UHYDQFKH O¶XWLOLVDWLRQ G¶DOFRROV VHFRQGDLUH FRPPH O¶LVRSURSDQRO YD
















7 <DPDVH V¶HVW IRUWHPHQW FRQFHQWUp VXU O¶pWXGH SKRWRFKLPLTXH G¶KHSWDPRO\EGDWHV G¶DON\O
DPPRQLXPGHW\SH51+0R2FHTXL O¶DFRQGXLWDSURSRVpXQPpFDQLVPH LPSOLTXDQW
GHV UDGLFDX[K\GUR[\/HPpFDQLVPHGHSKRWRUpGXFWLRQG¶XQ320GH W\SH WXQJVWDWH











EDQG RX 635 SRXU VXUIDFH SODVPRQ UHVRQDQFH ILJXUH  &H SKpQRPqQH HVW OLp j OD
SUpVHQFHG¶RVFLOODWLRQVFROOHFWLYHVGHVpOHFWURQVGHFRQGXFWLRQOHVSODVPRQVHWFRUUHVSRQGj
XQHEDQGHG¶DEVRUSWLRQGDQVOHYLVLEOH&HWWHEDQGHSODVPRQHVWFDUDFWpULVWLTXHGHODSUpVHQFH
GH SDUWLFXOHV j WDLOOHV QDQRPpWULTXHV DX VHLQ GH O¶pFKDQWLOORQ SLF j a  QP SRXU OHV































QDWXUH GH FKDTXH pOpPHQW HQ SUpVHQFH GDQV O¶pFKDQWLOORQ (Q HIIHW LO VHUD SRVVLEOH GH










I.2.5. Applications des matériaux POMs-NPs 









GH OLJDQGV LQHUWHV PDLV YRQW rWUH pJDOHPHQW LPSOLTXpV GDQV OHV SURFHVVXV FDWDO\WLTXHV
/¶DVVHPEODJH320V13VYDGRQFHQWUDLQHUXQHYpULWDEOHV\QHUJLHSXLVTX¶LO OHXUDLWDWWULEXp
XQH JUDQGH HIILFDFLWp FDWDO\WLTXH WRXW HQ pWDQW SOXV VpOHFWLI SDU H[HPSOH SRXU OHV UpDFWLRQV
FDWDO\WLTXHVHQSKDVHOLTXLGHDYHFGHWUqVERQVUHQGHPHQWV
&HV PDWpULDX[ VRQW WUqV VRXYHQW XWLOLVpV GDQV GHV UpDFWLRQV GH FKLPLH RUJDQLTXH UpDFWLRQV




DOFRROV VHFRQGDLUHV UpDFWLRQV GH GpVK\GURJpQDWLRQ UpDFWLRQV FRXSOpHV « ,O D
pJDOHPHQW pWp PRQWUp TXH SRXU FHUWDLQV GHV PDWpULDX[ XWLOLVpV DXFXQH DJUpJDWLRQ RX








320V13VHW OH VXEVWUDWHQVROXWLRQ(QpOHFWURFDWDO\VHRQ WURXYHUDWURLVJUDQGV W\SHVGH
UpDFWLRQVpOHFWURFDWDO\WLTXHVYLVpHV




FDSLWDOH /D ILJXUH  PRQWUH OH &9 W\SLTXH G¶XQH 255 pOHFWURFDWDO\WLTXH GHX[ YDJXHV










SRO\R[RPRO\EGDWH j EDVH ȕ HW İ30R VH VRQW DYpUpV rWUH GH WUqV ERQV FDWDO\VHXUV SRXU
O¶R[\GDWLRQGHVDOFRROVVHORQODJDPPHGHS+XWLOLVpH/HVSKpQRPqQHVpOHFWURFDWDO\WLTXHV


















PLV HQ DYDQW OD SURGXFWLRQ G¶K\GURJqQH JUkFH j GHV 13V GH 3G VWDELOLVp SDU XQ 320 DX
YDQDGLXP ,9 GH W\SH 'DZVRQ ,O D pWp GpPRQWUp TXH OD SUpVHQFH GX 320 DYDLW XQ HIIHW
EpQpILTXHVXUO¶DFWLYDWLRQGHO¶pOHFWURGHHQFRPSDUDLVRQDYHFGHV13VGHSDOODGLXPEUXW'H
SOXV TXDQG OD GHQVLWp GH FRXUDQW DXJPHQWH OD VXUWHQVLRQ DXJPHQWH OLQpDLUHPHQW
SURSRUWLRQQHOOHILJXUH
(QILQ XQ GHUQLHU W\SH GH UpDFWLRQ pOHFWURFDWDO\WLTXH YLVpH HVW OD UpGXFWLRQ GHV QLWUDWHV
7RXWHIRLVDXFXQVGHVWUDYDX[QHUDSSRUWHQW O¶XWLOLVDWLRQGHPDWpULDX[320V13VSRXUFHOD
PDLV SOXW{W GH ELPpWDX[ QRWDPPHQW DYHF GX FXLYUH OH &X,, pWDQW UHFRQQX FRPPH XQ GHV











WUDQVSRUW GH SULQFLSHV DFWLIV QRQ SDV DYHF GHV QDQRSDUWLFXOHV GH PpWDX[ QREOHV PDLV HQ
XWLOLVDQWGHVV\VWqPHV320VPROpFXOHVGpULYpHVGHODFKLPLHGHVVXFUHVFRPPHSDUH[HPSOH
XQGpULYpGHODFKLWRVDQH'HVDXWUHVV\VWqPHVSOXVFRPSOH[HVjWURLVFRPSRVDQWVFRPPH





SHXWWURXYHUGDQV OD OLWWpUDWXUH(QHIIHWVXLYDQW OH W\SHGH320RXODQDWXUHGXPpWDOVRQ












































































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0LDODQH3 ,QRUJ
&KHP±
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












































































































































)LJXUH  5HSUpVHQWDWLRQ VWUXFWXUDOH GH FRPSRVpV j DXWUHV WRSRORJLHV D
>6E:20Q&O@ E >6L:0Q22+@ F >)H,,)H,,,2+32%Į
3:2@ 
)LJXUH  5HSUpVHQWDWLRQ GH GLYHUV FRPSOH[HV j EDVH W\SH 'DZVRQ D
>3:2&X;2++2@E>3:7L21+@ 
)LJXUH5HSUpVHQWDWLRQSRO\pGULTXHGXWULPqUH>^Į3:26L2`2@ 

















)LJXUH  5HSUpVHQWDWLRQ VHPLSRO\pGULTXH GH 3202)V '  D ^$J¶ELS\¶
ELS\`^$J¶ELS\`^$J¶ELS\`>$O:2@ ILJXUH LVVXH GH OD UpIpUHQFH  E
^>1L2++2HQ3:2@>1L2++2HQ3:2@%'&` ILJXUH LVVXH
GHODUpIpUHQFHHW'F>30R22+^/D+2`WULP@ILJXUHLVVXHGHODUpIpUHQFH
ELS\ ELS\ULGLQHHQ pWK\OqQHGLDPLQH%'& DFLGHEHQ]qQHGLFDUER[\OLTXH
WULP WULPHVDWH 



















FRQFHQWUDWLRQV G¶LVRSURSDQRO F HQ IRQFWLRQ GH OD ORQJXHXU G¶RQGH ILJXUHV LVVXHV GH OD
UpIpUHQFH 
)LJXUH  'LIIpUHQWV VSHFWUHV 89YLVLEOHD 63% W\SLTXH GH QDQRSDUWLFXOHV GH PpWDX[
QREOHV FROO   FROORLGDO ILJXUH LVVXH GH OD UpIpUHQFH  E LQIOXHQFH GH OD WDLOOH GH
QDQRSDUWLFXOHVG¶RUVXU OD63%ILJXUH LVVXHGH ODUpIpUHQFH F LQIOXHQFHGH ODGLVWDQFH
LQWHUSDUWLFXODLUHGH13VG¶RUVXUOD63%ILJXUHLVVXHGHODUpIpUHQFH 






)LJXUH9ROWDPPRJUDPPHVF\FOLTXHV PRQWUDQW O¶R[\GDWLRQG¶DOFRROV DR[\GDWLRQGX
PpWKDQRO VXU pOHFWURGH PRGLILpH SDU GHV 13V GH 3W GDQV +62  0 E R[\GDWLRQ GH






















VROXEOHV /HXU WDLOOH OHXU IRUPH HWRX OHXU FRPSRVLWLRQ FKLPLTXH YRQW GpWHUPLQHU OHXUV
XWLOLVDWLRQVGDQVGHVGRPDLQHVG¶DSSOLFDWLRQVVSpFLILTXHV
/¶pWXGHV¶HVW LFL IRFDOLVpH VXUGLIIpUHQWV WXQJVWRSKRVSKDWHVGH OD IDPLOOH'DZVRQ ILJXUH
&RQWDQWHWDORQWG¶DLOOHXUVPRQWUpTX¶LOpWDLWSRVVLEOHGHVXEVWLWXpGHjFHQWUHVWXQJVWLTXHV
SDU GHV FHQWUHV PRO\EGLTXHV HWRX YDQDGLTXHV GH PDQLqUHV WUqV VpOHFWLYHV /H FKRL[ GH
V¶LQWpUHVVHUDX[320VGHODIDPLOOH'DZVRQV¶H[SOLTXHSDUOHIDLWTX¶LOVRQWpWpPRLQVXWLOLVpV
TXHFHX[GH OD IDPLOOH.HJJLQGDQVGHQRPEUHX[GRPDLQHVFRPPH ODV\QWKqVHGH13VSDU
H[HPSOH ,O \ D GRQF HQFRUH EHDXFRXS GH FKRVHV j H[SORUHU DX QLYHDX GH OHXUV GLIIpUHQWHV
SURSULpWpV &RPPH SUpVHQWp GDQV OH FKDSLWUH SUpFpGHQW LO HVW SRVVLEOH G¶REWHQLU WURLV
SULQFLSDOHV VWUXFWXUHV ODFXQDLUHV SRXU FHWWH IDPLOOH OH PRQRODFXQDLUH OH WULODFXQDLUH HW
O¶KH[DODFXQDLUH/HWUDYDLOV¶HVWSRUWpVXUO¶pWXGHGHFHVWURLVHVSqFHVWRWDOHPHQWVXEVWLWXpHV
VRLWSDUGHVFHQWUHVPRO\EGLTXHV VRLWSDUGHVFHQWUHVYDQDGLTXHV^Į3:[0[` R0 














pWpFRPSOpWpHVSDU O¶pWXGHGHV\VWqPHVDQDORJXHVVLOLFRWXQJVWDWHVGH OD IDPLOOH .HJJLQ >Į
6L:[0R[2@[ HW
II.1. Synthèses et caractérisations physico-chimiques 
II.1.1. Ƚ-[P2W18O62]6-    ±±  Ƚ1-  Ƚ2-
[P2W17O61]10-, Ƚ-[P2W15O56]12- Ƚ-[H2P2W12O48]12- 
/HV V\QWKqVHV GHV GLIIpUHQWV FRPSRVpV XWLOLVpV GDQV FHWWH pWXGH VRQW WUqV ELHQ FRQQXHV HW
FHUWDLQHV G¶HQWUH HOOHV RQW PrPH EpQpILFLpHV G¶RSWLPLVDWLRQ FHV GHUQLqUHV DQQpHV± /D























II.1.2. Dérivés substitués de la famille Dawson Ƚ-P2W18-xMx (où M = 




/HV PRO\EGRWXQJVWRSKRVSKDWHV VRQW REWHQXV HQ VROXWLRQ HQ WUDLWDQW OH GpULYp ODFXQDLUH
FRUUHVSRQGDQW SDU XQ H[FqV GH PRO\EGDWH GH VRGLXP HQ PLOLHX DFLGH +&O 0 3RXU OHV
YDQDGRWXQJVWRSKRVSKDWHV OD V\QWKqVHHVW OpJqUHPHQWGLIIpUHQWHXQHVROXWLRQGHSUpFXUVHXU
YDQDGDWHHVWSUpSDUpHjSDUWLUGH+92&HWWHVROXWLRQHVWHQVXLWHPpODQJpHjXQHVROXWLRQGH
+&O0(QILQ OH320 ODFXQDLUHHVWDMRXWp VRXVVD IRUPHVROLGH WRXWHQFKDXIIDQW MXVTX¶j
FRPSOqWH GLVVROXWLRQ /H FKDXIIDJH HVW PDLQWHQX TXHOTXHV PLQXWHV DYDQW GH UHYHQLU j










'H QRPEUHXVHV pWXGHV GH 501 GX SKRVSKRUH HW GX WXQJVWqQH RQW G¶DLOOHXUV pWp IDLWHV SDU
&RQWDQW HW DO± HQ IRQFWLRQ GH O¶HQYLURQQHPHQW GHV GLIIpUHQWV DWRPHV GH SKRVSKRUH 2Q
V¶DWWHQGGRQFjDYRLUXQVHXOSLFGH3SRXUOHVDQLRQVĮ3:Į3:0RHWĮ3:9HW
GHX[ SLFV GH PrPH LQWHQVLWp SRXU OHV HVSqFHV Į3:0R Į3:9 Į3:0R HW Į
3:9FIDQQH[H,,
/HVVSHFWUHV LQIUDURXJHV,5FIDQQH[H,,GHVWURLVFRPSRVpVDXPRO\EGqQHVRQWWUqV
VLPLODLUHV HQWUH HX[ HW pJDOHPHQW DYHF OHXU SDUHQW Į3: (Q UHYDQFKH SRXU OHV HVSqFHV
VXEVWLWXpHVDXYDQDGLXPO¶DMRXWGHFHQWUHVYDQDGLTXHVFRQGXLWjXQFKDQJHPHQWGDQVO¶DOOXUH
GHV VSHFWUHV LQIUDURXJHV (Q HIIHW SRXU OHV HVSqFHV PRO\EGLTXHV OD FKDUJH QH FKDQJH SDV








/HV VSHFWUHV 89YLVLEOH FI DQQH[H ,, GH WRXV FHV FRPSRVpV PL[WHVVDWXUpV VRXV OHXU
IRUPHR[\GpHSUpVHQWHQWGHVFDUDFWpULVWLTXHVVLPLODLUHVRQREVHUYHXQHIRUWHDEVRUEDQFHGDQV
OHGRPDLQHGHO¶89TXLFRUUHVSRQGjXQHWUDQVLWLRQGHWUDQVIHUWGHFKDUJHR[\JqQHĺPpWDODX
VHLQ GX 320 HW DXFXQH DEVRUEDQFH Q¶HVW REVHUYpH GDQV OH YLVLEOH /HV FRPSRVpV UpGXLWV
SUpVHQWHQWTXDQWjHX[XQWRXWDXWUHFRPSRUWHPHQWTXLVHUDGpWDLOOpGDQVOHSURFKDLQFKDSLWUH





II.1.3. Dérivés molybdiques de la famille Keggin [Ƚ-SiW12-xMoxO40]4- 




VHOV GH SRWDVVLXP (Q UHYDQFKH HQ FH TXL FRQFHUQH O¶HVSqFH GLVXEVWLWXpH Į6L:0R OD
V\QWKqVHHVWGLIIpUHQWHpWDQWGRQQpTXHO¶HVSqFHGLODFXQDLUH6L:HVWVRXVODIRUPHG¶LVRPqUH
Ȗ (Q HIIHW DXFXQ LVRPqUH GLYDFDQW Į6L: Q¶D pWp UDSSRUWp MXVTX¶DORUV /¶REWHQWLRQ GH










GH PRO\EGqQH LO HVW QpFHVVDLUH GH SURFpGHU j WHPSpUDWXUH DPELDQWH HW HQ PLOLHX WDPSRQQp









GLPqUH Į6L:0R(X D GRQF pWp IDLWH GH OD PDQLqUH VXLYDQWH OH SUpFXUVHXU G¶(X,,,
(X&O+2HVWGLVVRXVGDQVGXWDPSRQDFpWDWH Į6L:0R HVW HQVXLWHDMRXWpSHWLW jSHWLW
UDSSRUW PRODLUH (X320    &HWWH VROXWLRQ HVW DJLWpH j WHPSpUDWXUH DPELDQWH MXVTX¶j









GRQF FRPSRVp GH GHX[ HQWLWpV PRQRYDFDQWHV GH W\SHV .HJJLQ Į6L:0R WRXWHV GHX[










GX WXQJVWqQH PRQWUH ELHQ QHXIV SLFV FKDFXQ DYHF XQH LQWpJUDWLRQ FRUUHVSRQGDQWH j XQ
WXQJVWqQH/DPXOWLSOLFLWpHVWFRKpUHQWHDYHF OD V\PpWULHGH OD PROpFXOH(QHIIHW OHVQHXIV
DWRPHVGHWXQJVWqQHGDQVXQIUDJPHQW.HJJLQQHVRQWSDVpTXLYDOHQWVHQWUHHX[2QYRLWTXH
GHX[SLFV VRQW IRUWHPHQWGpFDOpVYHUV ± SSPFHTXLQRXVSHUPHWGH OHVDWWULEXHUDX[
DWRPHVGHWXQJVWqQHGLUHFWHPHQWOLpVjO¶HXURSLXPFHQWUHSDUDPDJQpWLTXHSDUOHVSRQWVR[R
'H SOXV VL[ SLFV VRQW UHODWLYHPHQW ODUJH a  +] SUREDEOHPHQW OD FRQVpTXHQFH G¶XQH
LQWHUDFWLRQSDUDPDJQpWLTXHUpVLGXHOOH(QILQ OHGHUQLHUSLFj ±SSPHVWWUqVILQHWHVW
GRQFDWWULEXpjO¶DWRPHGHWXQJVWqQHOHSOXVpORLJQpGXFHQWUHHXURSLXP/DUpSRQVHHQ501










įSSP         
,QWpJUDWLRQ         
&RQVWDQWHGH
FRXSODJH+]         
/HV DQDO\VHV SDU VSHFWURVFRSLH ,5 FI DQQH[H ,, HW OD FRPSDUDLVRQ DYHF OH SUpFXUVHXU
ODFXQDLUHĮ6L:0RPRQWUHTXHOHVGHX[FRPSRVpVVRQWWUqVSURFKHVPRQWUDQWDLQVLTXHGDQV
OHFRPSRVp>(XĮ6L:0R2@O¶LRQĮ6L:0R2FRQVHUYHVRQFDUDFWqUHODFXQDLUH







PRGLILpH SDU OD SUpVHQFH G¶XQ FDWLRQ PpWDOOLTXH G RX I 'DQV OH FDV GX GLPqUH >(XĮ
6L:0R2@ODSUpVHQFHGXFDWLRQ(XVHPEOHrWUHjO¶RULJLQHG¶XQHPRGLILFDWLRQGHOD




























II.2. Etudes électrochimiques par voltammétrie cyclique et 
coulométrie à potentiel contrôlé en milieu aqueux (0 < pH < 3) 
II.2.1. ±  ǯ° ± Ƚ-[P2W18O62]6- et de ses 
±±Ƚ1- Ƚ2-[P2W17O61]10-ǡȽ-[P2W15O56]12- Ƚ-
[H2P2W12O48]12- 
II.2.1.a. Ƚ-[P2W18O62]6-ǡȽ1- Ƚ2-[P2W17O61]10- 
/H FRPSRUWHPHQW pOHFWURFKLPLTXH HQ PLOLHX DTXHX[ DFLGH GX Į3: HVW FRQQX GHSXLV
SOXVLHXUVGpFHQQLHV/HYROWDPPRJUDPPHF\FOLTXH&9REWHQXHVWWUqVFDUDFWpULVWLTXHGH
FH FRPSRVp ILJXUH  *UkFH DX[ GLIIpUHQWHV WHFKQLTXHV pOHFWURFKLPLTXHV OH QRPEUH




SRXU GHV YDOHXUV GH S+ FRPSULVHV HQWUH  HW  (QILQ LO \ D pJDOHPHQW XQ GHUQLqUH YDJXH







'H SDU OHV GLIIpUHQWHV pWXGHV LO D GRQF pWp SRVVLEOH G¶pWDEOLU OHV GLIIpUHQWHV pTXDWLRQV
pOHFWURQLTXHVSRXUOHVSURFHVVXVUHGR[D\DQWOLHXDXQLYHDXGHVTXDWUHSUHPLqUHVYDJXHV






































Į>3:2@  H ҡ Į>3:2@ 
Į>3:2@  H ҡ Į>3:2@ 
Į>3:2@  H  + ҡ Į+>3:2@ 







LGHQWLTXHV j FHOOH GH O¶LVRPqUH Į ODFXQH GDQV OD FRXURQQH PDLV OH WURLVLqPH HVW






/D SHUWH G¶XQ JURXSHPHQW :2 SHQGDQW OD IRUPDWLRQ GH Į3: j SDUWLU GH Į3: HVW





































II.2.1.b. Ƚ-[P2W15O56]12- et Ƚ-[H2P2W12O48]12- 
/HV GHX[ GHUQLHUV GpULYpV ODFXQDLUHV WXQVJWRSKRVSKDWHV GH OD IDPLOOH 'DZVRQ SUpVHQWHQW
pJDOHPHQWXQHVLJQDWXUHpOHFWURFKLPLTXHSURSUH,OHVWLPSRUWDQWGHQRWHUTXHFHVHVSqFHVVRQW
SHX VWDEOHV HW VH GpFRPSRVHQW UDSLGHPHQW PDLV LO HVW WRXWHIRLV SRVVLEOH GH WUDFHU OH &9
FDUDFWpULVWLTXH GH FHV FRPSRVpV ILJXUH  /HV GHX[ FRPSRVpV SUpVHQWHQW FKDFXQ GHX[
YDJXHVODSUHPLqUHjTXDWUHpOHFWURQVHWODVHFRQGHjGHX[pOHFWURQV




































6L O¶RQ FRPSDUH OHV WURLV HVSqFHV ODFXQDLUHV ILJXUH  RQ SHXW UHPDUTXHU XQH FHUWDLQH
WHQGDQFH SOXV OH QRPEUH GH ODFXQHV VHUD LPSRUWDQW SOXV OH SRWHQWLHO GH UpGXFWLRQ GH






















































V vs. SCE Epc1 Epc2 Epc3 Epc4 
ơ-P2W18 0.016 -0.162 -0.602 -0.866 
1RPEUHG·pOHFWURQV 1 1 2 2 
ơ2-P2W17 -0.310 -0.530 -0.768 -0.874 
1RPEUHG·pOHFWURQV 2 2 1 1 
ơ-P2W15 - - -0.496 -0.794 
1RPEUHG·pOHFWURQV - - 4 2 
ơ-P2W12 - - -0.574 -0.628 
1RPEUHG·pOHFWURQV - - 4 2 

II.2.2. Présentation des espèces substituées Ƚ-P2W18-xMx (où M = 
MoVI ou VV et x = 1, 3 ou 6)  
II.2.2.a. Ƚ2-P2W17M 










'DQV OHFDVGHĮ3:99SRXU OHTXHO OHFDWLRQ99TXLD UHPSODFpXQGHVFHQWUHV:9, VH
UHWURXYHGDQV ODPrPHFRRUGLQDWLRQTXHFHGHUQLHURQREVHUYH OHPrPHFRPSRUWHPHQW(Q
HIIHWOHYROWDPPRJUDPPHF\FOLTXHGHFHFRPSRVpSUpVHQWHTXDWUHSURFHVVXVUHGR[UpYHUVLEOHV








Į>3:992@  H ҡ Į>3:9,92@ 
Į>3:9,92@  H  + ҡ Į+>3:9,92@ 
Į+>3:9,92@  H  + ҡ Į+>3:9,92@ 
Į+>3:9,92@  H  + ҡ Į+>3:9,92@ 
/H 320 VXEVWLWXp SDU OH PRO\EGqQH Į3:0R9, PRQWUH XQ WRXW DXWUH FRPSRUWHPHQW
ILJXUH/DSUpVHQFHGXFDWLRQ0R9,YDIDLUHDSSDUDLWUHGHX[YDJXHVjXQpOHFWURQFKDFXQH
jGHVSRWHQWLHOVSOXVpOHYpVFRPSDUpDX[YDJXHVGXWXQJVWqQHGHĮ3:/DSOXVSRVLWLYHHVW




































ORJLTXHPHQW DWWULEXpH DX FHQWUH PRO\EGLTXH HW OD VHFRQGH j OD UpGXFWLRQ GH :9, /H










8QH DWWHQWLRQ SDUWLFXOLqUH D pWp IDLWH VXU OHV WURLV SUHPLHUV SURFHVVXV UHGR[ 8QH pWXGH HQ
IRQFWLRQGXS+DGRQFpWpFRQGXLWHGDQVXQGRPDLQHGHS+FRPSULVHQWUHHWILJXUH







Į>3:0R9,2@  H ҡ Į>3:0R92@ 
Į>3:0R92@  H ҡ Į>3:0R92@ 

































Į>3:0R92@  H  + ҡ Į+>3:0R92@ 
7DEOHDX3RWHQWLHOUHGR[DSSDUHQWSRXUOHVWURLVSUHPLHUVSURFHVVXVGHĮ3:0RHQIRQFWLRQ
GXS+pOHFWURO\WH01D62+62
V vs. SCE E0·1 E0·2 E0·3 
pH Mo(1e) W(1e) W(2e) 
0.5 0.25 -0.13 -0.31 
1.0 0.25 -0.16 -0.34 
1.5 0.25 -0.16 -0.37 
2.0 0.25 -0.17 -0.40 
3.0 0.25 -0.17 -0.46 
-ƅE/ƅpH 0.000 0.013 0.060 
























SDUWLFXOLHU (Q HIIHW OHV SURFHVVXV UHGR[ TXL RQW OLHX DXGHOj GH FHWWH WURLVLqPH YDJXH VH
UHJURXSHQWHQXQHVHXOHYDJXHLUUpYHUVLEOHDFFRPSDJQpHG¶XQHIRUWHDXJPHQWDWLRQGXFRXUDQW









FRQGLWLRQV IDYRUDEOHVGHSURWRQDWLRQ OH WUDQVIHUWG¶pOHFWURQV VHUDSOXV IDFLOHHW OHSURFHVVXV
UHGR[DXUDOLHXGDQVGHVGRPDLQHVG¶pQHUJLHVSURFKHVFHTXLYDFRQGXLUHjGHVYDJXHVPXOWL
pOHFWURQLTXHV 4XDQG OD SURWRQDWLRQ VHUD PRLQV IDYRUDEOH OH WUDQVIHUW G¶pOHFWURQV VHUD SOXV
GLIILFLOHFHTXLFRQGXLUDjXQHVpSDUDWLRQGHVYDJXHVSRXYDQWFRQGXLUHjGHVYDJXHVPRQR
pOHFWURQLTXHV 'DQV OH FDV GH Į3:0R OD SURWRQDWLRQ DXGHOj GX WURLVLqPH SURFHVVXV





pOHFWULTXH JOREDOH PDLV pJDOHPHQW GH OD QDWXUH GX VXEVWLWXDQW XWLOLVp ^992` PRQWUH XQ
FDUDFWqUHPRLQVEDVLTXH2QHQGpGXLWGRQF O¶pTXDWLRQ UHGR[GHFHGHUQLHUSURFHVVXV UHGR[
SRXUO¶HVSqFHPRO\EGLTXH
Į+>3:0R92@  H  [+ ҡ Į+[>3:0R92@[ 

















'DQV OD YRORQWp GH FRPSUHQGUH DX PLHX[ FHV GLIIpUHQWV SKpQRPqQHV GHV pWXGHV
VXSSOpPHQWDLUHV RQW pWp HIIHFWXpHV VXU OD SRVLWLRQ HW OH QRPEUH GH FDWLRQV VXEVWLWXDQWV Į
3:0R Į3:0R Į3:0R HW Į3:0R HW GHV FRPSDUDLVRQV HQWUH HVSqFHV
ODFXQDLUHVHWHVSqFHVVXEVWLWXpHV
II.2.2.b. Comparaison entre les isomères Ƚ1- et Ƚ2- 
/HV GHX[ LVRPqUHV SUpVHQWHQW OH FRPSRUWHPHQW VXLYDQW HQ YROWDPPpWULH F\FOLTXH XQH







'HVFDOFXOV WKpRULTXHVRQWPRQWUpTXH O¶pOHFWURQHVWSUpIpUHQWLHOOHPHQW VLWXp VXU OHVFHQWUHV
PpWDOOLTXHVGHODFRXURQQHGDQVOHVVWUXFWXUHV'DZVRQ/HSUHPLHUpOHFWURQSULVSDUOHFHQWUH
PRO\EGqQHGDQV O¶LVRPqUHĮHVWSDUWLHOOHPHQWGpORFDOLVpVXU OHV WXQJVWqQHVDGMDFHQWVGH OD
FRXURQQHGHODPROpFXOHDORUVTX¶LOHVWSLpJpVXUOHFKDSHDXSRXUO¶LVRPqUHĮ&HODHVWHQ
DFFRUGDYHF OHVUpVXOWDWVREWHQXVSDU%DNHUHWDOTXLRQWHIIHFWXpGHQRPEUHX[WUDYDX[VXU
O¶pWXGH GH OD GpORFDOLVDWLRQ GHV pOHFWURQV DMRXWpVDX VHLQ GHV VWUXFWXUHV GH GLIIpUHQWV 320V
VDWXUpVHW VXEVWLWXpV±/DSUHPLqUH UpGXFWLRQGXFHQWUH WXQJVWqQHHVW WRXMRXUVSOXV IDFLOH













WURXYHQW WRXV OHV WURLV GDQV XQ PrPH FKDSHDX GH OD VWUXFWXUH HW VRQW GRQF VWUXFWXUHOOHPHQW



















































7DEOHDX  3RWHQWLHO UHGR[ DSSDUHQW SRXU OHV TXDWUH SUHPLHUV SURFHVVXV GH Į3:0R HQ
IRQFWLRQGXS+pOHFWURO\WH01D62+62
V vs. SCE E0·1 E0·2 E0·3 E0·4 
pH Mo (1e) Mo (1e) Mo (1e) W (6e) 
0.5 0.27 0.19 -0.09 -0.30 
1.0 0.27 0.16 -0.12 -0.34 
1.5 0.28 0.13 -0.14 -0.37 
2.0 0.29 0.11 -0.17 -0.41 
3.0 0.29 0.08 -0.21 -0.47 

































































































REVHUYDWLRQVHW VXSSRVLWLRQV IDLWHVSDU&RQWDQWHW DOTXLDYDLHQWpWDEOLVXQH UHODWLRQGLUHFWH











































7DEOHDX  3RWHQWLHO UHGR[ DSSDUHQW SRXU OHV TXDWUH SUHPLHUV SURFHVVXV GH Į3:0R HQIRQFWLRQGXS+pOHFWURO\WH01D62+62
V vs. SCE E0·1 E0·2 E0·3 E0·4 
pH Mo (2e) Mo (2e) Mo (2e) W (4e) 
0.5 0.50 -0.07 -0.17 -0.40 
1.0 0.48 -0.10 -0.21 -0.45 
1.5 0.48 -0.12 -0.24 -0.48 
2.0 0.47 -0.14 -0.28 -0.53 
3.0 0.47 -0.19 -0.34 -0.61 
-'E/ǻpH -0.01 0.05 0.07 0.08 

&RPPH GDQV OH FDV GX 320 WULVXEVWLWXp OD FRPSDUDLVRQ DYHF VRQ DQDORJXH DX YDQDGLXP
FRQGXLWDX[PrPHVFRQFOXVLRQVILJXUHODWRWDOLWpGHVFHQWUHVYDQDGLTXHVVRQWSOXVIDFLOHV
j UpGXLUHTXH OHVFHQWUHV PRO\EGLTXHV PrPHVL LFL OHSUHPLHUSURFHVVXV UHGR[ LPSOLTXDQW
0R9,SDUDLWOpJqUHPHQWSOXVIDYRUDEOH





























































II.2.2.e. Comparaisons des espèces lacunaires avec les dérivés substitués 
4XDQGRQFRPSDUHFKDTXHHVSqFHVXEVWLWXpHDYHFVRQSDUHQWODFXQDLUHODPrPHWHQGDQFHVH





















GHQVLW\ IXQFWLRQDO WKHRU\ TXL YLHQQHQW FRUURERUHU OHV GLIIpUHQWHV FRQFOXVLRQV IDLWHV
SUpFpGHPPHQW
II.2.3. Calculs théoriques par DFT 
&HV WUDYDX[ GH ')7 RQW pWp HIIHFWXpV SDU ; /ySH] HW 3 $ $SDULFLR GDQV OH FDGUH G¶XQH
FROODERUDWLRQ HQWUH O¶pTXLSH (OHFWURFKLPLH HW 3KRWRpOHFWURFKLPLH (3(& GX /DERUDWRLUH
&KLPLH3K\VLTXHGHO¶8QLYHUVLWp3DULV6XGHWO¶pTXLSH4XDQWXP&KHPLVWU\*URXSGLULJpSDU-
0 3REOHW 'HSDUWDPHQW GH 4XtPLFD )tVLFD L ,QRUJjQLFD 8QLYHUVLWDW 5RYLUD L 9LUJLOL
7DUUDJRQH(VSDJQH



















































GHV pOHFWURQV FDSWpV SDU OHV FHQWUHV PpWDOOLTXHV HW VXU OHXUV UHODWLRQV DYHF OHV PHVXUHV
pOHFWURFKLPLTXHVH[SpULPHQWDOHV
II.2.3.a. Ƚ-P2W18ǡȽ2-P2W17ǡȽ-P2W15Mo3 Ƚ-P2W12Mo6 
/¶HVSqFH VDWXUpH Į3: HVW XQ R[\GDQW SOXV IRUW TXH VRQ DQDORJXH GH OD IDPLOOH .HJJLQ
>3:2@PDOJUpOHIDLWG¶DYRLUXQHFKDUJHQpJDWLYHVXSpULHXUHPDLVFHODV¶H[SOLTXHSDUOD
GLVWULEXWLRQGHODFKDUJH±VXUXQHVWUXFWXUHSOXVYROXPLQHXVH/HVSUHPLHUVpOHFWURQVFDSWpV




 Į3: Į3:0R Į3:0R Į3:0R Į3:0R
qUHUpGXFWLRQ     H
QGHUpGXFWLRQ     
  Į3:9 Į3:9  
qUHUpGXFWLRQ     





TXDQG O¶pOHFWURQ HVW DMRXWp VXU XQ VHXO VLWH 0R9 GRQF SOXV ORFDOLVp /HV UpVXOWDWV GH ')7
PRQWUHQWTXHFKDTXHFHQWUHPRO\EGLTXHGXFKDSHDXYDUHWHQLU ODPrPHTXDQWLWpG¶pOHFWURQV
DMRXWpVDYHFXQHSDUWLFLSDWLRQGHVFHQWUHVWXQJVWLTXHVYRLVLQV













II.2.3.b. Ƚ1-P2W17Mo et Ƚ2-P2W17Mo 
$XGHOjGHO¶LPSRUWDQFHGHODGpORFDOLVDWLRQGHVpOHFWURQVGDQVOHVpWDSHVGHUpGXFWLRQGHFHV
FRPSRVpVRQDYXGDQVODSDUWLHH[SpULPHQWDOHOHU{OHFUXFLDOGHODSRVLWLRQGH0RDXVHLQGH





































Į 3RXU OHV GHX[ LVRPqUHV OH VHFRQG pOHFWURQ LUD GRQF SUpIpUHQWLHOOHPHQW VXU OD UpJLRQ
pTXDWRULDOHPDLVG¶XQHPDQLqUHGLIIpUHQWHSRXUFKDTXHLVRPqUHF¶HVWjGLUHDYHFXQHpQHUJLH
GLIIpUHQWH/HVGLIIpUHQFHVG¶pQHUJLHVGHUpGXFWLRQFDOFXOpHVSRXUOHVHFRQGSURFHVVXVHQWUHOHV
GHX[ LVRPqUHVVRQWHQDFFRUGDYHF OHVUpVXOWDWVH[SpULPHQWDX[HWVRQWGRQF MXVWLILpHVSDU OH
FDUDFWqUH GLIIpUHQW GX VHFRQG pOHFWURQ SRXU FKDTXH LVRPqUH 2Q SHXW GRQF VXSSRVHU GHX[
IDFWHXUVLODUpSXOVLRQpOHFWURVWDWLTXHHHQRQIDYRUDEOHHWLLO¶DSSDULHPHQWGHVpOHFWURQV
IDYRUDEOHHWFKDTXH LVRPqUHDXQ IDFWHXUGRPLQDQW3RXU O¶LVRPqUHĮ OHSUHPLHUpOHFWURQ
RFFXSH GpMj OD UpJLRQ pTXDWRULDOH HW ELHQ TXH OH VHFRQG pOHFWURQ VXELVVH XQH UpSXOVLRQ LOV
SHXYHQWV¶DSSDULHUHWDLQVLDSSRUWHUXQHSOXVJUDQGHVWDELOLVDWLRQ(QUHYDQFKHSRXUO¶LVRPqUH
Į OH SUHPLHU pOHFWURQ HVW SLpJp GDQV XQH UpJLRQ DSLFDOH OHV RUELWDOHV VLWXpHV HQ UpJLRQ
pTXDWRULDOH VRQW OLEUHVSRXUDFFXHLOOLU O¶pOHFWURQVXSSOpPHQWDLUHDSSRUWpDXFRXUVGXVHFRQG
SURFHVVXV GH UpGXFWLRQ &HOD FRQGXLW j XQ DYDQWDJH pOHFWURVWDWLTXH FRPSDUp j Į HW
O¶DSSDULHPHQWGHVpOHFWURQVFDVGHILJXUHPRLQVVWDEOHQ¶HVWSOXVSRVVLEOH2QSHXWHQGpGXLUH
TXH DXVVL ORQJWHPSV TXH OD UpJLRQ pTXDWRULDOH GX 320 VHUD VXIILVDPPHQW JUDQGH SRXU
SHUPHWWUHODGpORFDOLVDWLRQOHVGHX[SUHPLHUVpOHFWURQVVHURQWDSSDULpVHWVWDELOLVpVILJXUH
$SUqV DYRLU ELHQ FRPSULV FHV GLIIpUHQWV SKpQRPqQHV LO HVW SOXV IDFLOH GH FRPSUHQGUH FHX[
FRQFHUQDQW OH WURLVLqPH SURFHVVXV GH UpGXFWLRQ /¶LVRPqUH Į FRQWLHQW XQ pOHFWURQ GDQV XQ
FKDSHDXHWXQGDQVXQHFRXURQQH/HWURLVLqPHpOHFWURQSHXWGRQFV¶DSSDULHUDYHFXQGHVGHX[
FHOXLGHODFRXURQQHpWDQWOHSOXVIDYRUDEOH3RXUO¶LVRPqUHĮDXFXQDYDQWDJHSDUUDSSRUWj













II.2.4. Dérivés molybdiques de la famille Keggin Ƚ-SiW12-xMox (x = 1, 
2 et 3) et dimère (Ƚ-SiW9Mo2)2Eu 
II.2.4.a. Ƚ-SiW12-xMox (x = 1, 2 et 3) 
&KDTXHHVSqFHVXEVWLWXpH PRQWUH OH PrPHFRPSRUWHPHQWTXHFHOXLREVHUYpSRXU OD IDPLOOH
'DZVRQ (Q HIIHW HW VDQV VXUSULVH OHV FHQWUHV PRO\EGLTXHV VRQW WRXMRXUV OHV FHQWUHV GH
UpGXFWLRQSUpIpUHQWLHOOHGHV320V
,QWpUHVVRQVQRXVG¶DERUGDX[YDJXHVUpYHUVLEOHVILJXUH2QREVHUYHWURLVYDJXHVPRQR
pOHFWURQLTXHV VXFFHVVLYHV SRXU OH FRPSRVp WULVXEVWLWXp Į6L:0R FRUUHVSRQGDQW j OD
UpGXFWLRQ VXFFHVVLYH GHV WURLV FHQWUHV 0R9, HQ 0R9 OD SUHPLqUH pWDQW LQGpSHQGDQWH GX S+






FHQWUHV 0R9, HQ 0R9 'DQV OD JDPPH GH SRWHQWLHOV pWXGLpV DXFXQH YDJXH UpYHUVLEOH GH
UpGXFWLRQ GHV FHQWUHV WXQJVWLTXHV Q¶HVW REVHUYp SRXU FHV FRPSRVpV /H FRPSRUWHPHQW GX











REVHUYHXQHRXGHX[YDJXHV PXOWLpOHFWURQLTXHVHW LUUpYHUVLEOHV FI DQQH[H ,,(OOHV VH
WURXYHQWGDQV ODPrPH]RQHGHSRWHQWLHOSRXUOHVWURLVFRPSRVpV VXEVWLWXpVjGHVSRWHQWLHOV
SOXV SRVLWLIV TXH SRXU OH FRPSRVp VDWXUp Į6L: /H IDLW G¶DOOHU YHUV GHV SRWHQWLHOV DXVVL
QpJDWLIVYDHQWUDLQHUO¶DGVRUSWLRQGXSURGXLWUpGXLWVXUODVXUIDFHGHO¶pOHFWURGHGHWUDYDLODLQVL











































































/¶pWXGH pOHFWURFKLPLTXH GH FHV GpULYpV D pWp FRPSOpWpH SDU GHV H[SpULHQFHV GH
VSHFWURpOHFWURFKLPLHF
HVWjGLUHO¶pOHFWURFKLPLHFRXSOpHjODVSHFWURVFRSLH89YLVLEOH&HWWH
WHFKQLTXH SHUPHW G¶HQUHJLVWUHU GHV VSHFWUHV 89±YLVLEOH DX FRXUV G¶XQH pOHFWURUpGXFWLRQ
*UkFH j FH PRQWDJH VSpFLILTXH RQ SHXW REWHQLU OD VLJQDWXUH VSHFWURVFRSLTXH SURSUH SRXU
FKDTXHpWDWVWDEOHGHUpGXFWLRQGX320'HSOXVODSUpVHQFHG¶XQSRLQWLVREHVWLTXHORQJXHXU










V vs. SCE E·1 E·2 E·3 
ơ-SiW12 -0.208 -0.464 -0.673 
1RPEUHG·pOHFWURQV (centre réduit) 1 (WVI) 1 (WVI) 2 (WVI) 
ơ-SiW11Mo 0.345 -0.368 - 
1RPEUHG·pOHFWURQV (centre réduit) 1 (MoVI) 1 (WVI) - 
ơ-SiW10Mo2 0.374 0.077 - 
1RPEUHG·pOHFWURQV (centre réduit) 1 (MoVI) 1 (MoVI) - 
ơ-SiW9Mo3 0.389 0.185 -0.205 
1RPEUHG·pOHFWURQV (centre réduit) 1 (MoVI) 1 (MoVI) 1 (MoVI) 

/HV SRO\R[RPRO\EGDWHV VRQW FRQQXV SRXU OHXU IDFLOLWp j YLUHU YHUV XQH FRXOHXU EOHXH WUqV
SURQRQFpHORUVGHOHXUUpGXFWLRQ©KHWHURSRO\EOXHVª&HWWHSURSULpWpHVWDXVVLYpULILpHSRXU
OHVSRO\R[RWXQJVWDWHVVXEVWLWXpVSDUGXPRO\EGqQHHWRQREVHUYHGRQFO¶DSSDULWLRQGHEDQGHV










II.2.4.b. Dimère Eu(Ƚ-SiW9Mo2)2 
/¶pWXGH GX SUpFXUVHXU Į6L:0R Q¶HVW SDV DLVpH HQ PLOLHX DFLGH GX IDLW GH VD WUqV IDLEOH







































































































&9 GH FH FRPSRVp SUpVHQWH  YDJXHV PRQRpOHFWURQLTXHV VXFFHVVLYHV FRUUHVSRQGDQWV j OD
UpGXFWLRQjXQpOHFWURQGHFKDFXQGHVWURLVFHQWUHV0R9,2QVHUDSSHOOHTXHGDQVOHVPrPHV
FRQGLWLRQVRQREVHUYHXQHYDJXHXQLTXHjTXDWUHpOHFWURQVSRXUOHGLPqUH2QVDLWTXHGXIDLW
GH OD V\PpWULH GX GLPqUH OHV TXDWUH FHQWUHV 0R9, VRQW pTXLYDOHQWV HWRQW OHXUV RUELWDOHV
PROpFXODLUHVDXPrPHQLYHDXG¶pQHUJLHORUVTXHODPROpFXOHVHWURXYHGDQVVRQpWDWR[\Gp/D






GH GpJpQpUHVFHQFH GqV O¶DGGLWLRQ GX SUHPLHU pOHFWURQ 2Q REWLHQW WURLV YDJXHV PRQR
pOHFWURQLTXHVVXFFHVVLYHVVXUOH&9GHĮ6L:0RDORUVTXHOH&9GXGLPqUHGDQVOHVPrPHV


















































1RXV QRXV VRPPHV LQWpUHVVpV j O¶HIILFDFLWp pOHFWURFDWDO\WLTXH GX GLPqUH YLVjYLV GH OD
UpGXFWLRQGXGLR[\JqQHG¶XQHSDUWHWYLVjYLVGHODUpGXFWLRQGXSHUR[\GHG¶K\GURJqQHG¶DXWUH
SDUW (Q HIIHW LO HVW LPSRUWDQW GH YpULILHU OHV GHX[ SURFHVVXV HW VXUWRXW GH FRPSDUHU OHXUV
216(7VUHVSHFWLIVLHODYDOHXUGHSRWHQWLHORGpEXWHODUpDFWLRQpOHFWURFDWDO\WLTXH'DQVOH
FDV GX GLPqUH ORUVTXH O¶RQ FRPSDUH O¶216(7 GX GLR[\JqQH DYHF FHOXL GX SHUR[\GH






 OH GLPqUH HVW VWDEOH 6RQ &9 HQUHJLVWUp SRXU XQH FRQFHQWUDWLRQ GH 320 GH î 0




GX GLR[\JqQH '¶DXWUH SDUW RQ FRQVWDWH TXH HQ FH TXL FRQFHUQH OD UpGXFWLRQ GH SHUR[\GH
G¶K\GURJqQH O¶HIILFDFLWp GH FHWWH UpDFWLRQ DXJPHQWH DX FRXUV GHV F\FOHV VXFFHVVLIV ILJXUH














































VLPLODLUHDX[FRPSRVpV VXEVWLWXpV UpGXLWVSUpVHQWpVDXSDUDYDQWDYHF WRXWHIRLVXQ OpJHU VKLIW
G¶XQHYLQJWDLQHGHQDQRPqWUHVYHUVGHSOXVJUDQGHVORQJXHXUVG¶RQGHVSRXUOHPD[LPDGHSLF
H[SOLFDEOHSDUXQHGpORFDOLVDWLRQGHVpOHFWURQVDMRXWpVGLIIpUHQWHGXIDLWGHODVWUXFWXUHGX320
























&H VHFRQG FKDSLWUH D pWp FRQVDFUp j OD V\QWKqVH HW O¶pWXGH pOHFWURFKLPLTXH GH GLIIpUHQWV
SRO\SKRVSKRWXQJVWDWHVVXEVWLWXpVGHODIDPLOOH'DZVRQĮ3:[0[R0 0R9,RX99HW






VXU O¶HQVHPEOH GHV VLWHV DSLFDX[ RX pTXDWRULDX[ VHORQ OH 320 &KDTXH FRPSRVp D VHV
FDUDFWpULVWLTXHVSURSUHVHWLODSXrWUHLGHQWLILpTXHOHVVLWHVpTXDWRULDX[VRQWOHVSUHPLHUVjrWUH
UpGXLWV7RXWHIRLVOHVFHQWUHVPRO\EGLTXHVVRQWGDYDQWDJHSULYLOpJLpVORUVGHVSUHPLqUHVpWDSHV






XQ QRXYHDX FRPSRVp XQ GLPqUH GH OD IDPLOOH .HJJLQ Į6L:0R(X &H GLPqUH D pWp
REWHQXjODVXLWHGHQRWUHYRORQWpGHWUDYDLOOHUDYHFO¶HVSqFHODFXQDLUHĮ6L:0ROHV320V


















































































)LJXUH  6SHFWUHV 89YLVLEOH GX GLPqUH Į6L:0R(X GX SUpFXUVHXU G¶HXURSLXP
(X&O+2HWGHO¶HVSqFHODFXQDLUHĮ6L:0RjS+WDPSRQDFpWDWH 
)LJXUH  9ROWDPPRJUDPPHV F\FOLTXHV GH Į3: $ FRPSDUDLVRQ GHV TXDWUH YDJXHV
UpYHUVLEOHVjS+HWS+%&9FRPSOHWDYHFODGHUQLqUHYDJXHLUUpYHUVLEOHjS+













)LJXUH  &RPSDUDLVRQ GHV YROWDPPRJUDPPHV F\FOLTXHV j S+  $ Į3: HW Į
3:0R % Į3:0R HW Į3:9 S+     0 +62 YLWHVVH GH EDOD\DJH 
P9V 


































)LJXUH  6SHFWUHV 89YLVLEOH ORUV GHV SUHPLHUV pWDWV GH UpGXFWLRQ REWHQXV DX FRXUV GHV
H[SpULHQFHVGHVSHFWURpOHFWURFKLPLHSRXU$Į6L:0R%Į6L:0RHW&Į6L:0R
 
)LJXUH  9ROWDPPPRJUDPPHV F\FOLTXHV GX GLPqUH HW GH Į6L:0R j S+ 











)LJXUH  (YROXWLRQ GX YROWDPPRJUDPPHV F\FOLTXHV j S+  GX GLPqUH HXURSLXP HQ
IRQFWLRQGXWHPSVHWFRPSDUDLVRQDYHFĮ6L:0RS+ 0/L62+62YLWHVVH
GHEDOD\DJHP9V 












7DEOHDX  3RWHQWLHO UHGR[ DSSDUHQW SRXU OHV WURLV SUHPLHUV SURFHVVXV GH Į3:0R HQ
IRQFWLRQGXS+pOHFWURO\WH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Chapitre III Ȃ Synthèse et caractérisations de nanoparticules 
métalliques 
Introduction 
&RPPH QRXV O¶DYRQV UDSSHOp GDQV OH SUHPLHU FKDSLWUH OHV SRO\R[RPpWDOODWHV SHXYHQW
SDUIDLWHPHQWFRQYHQLUjODV\QWKqVHGHQDQRSDUWLFXOHV13VPpWDOOLTXHVLOVVRQWFDSDEOHVGH
MRXHUjODIRLVOHU{OHGHUpGXFWHXUHWGHVXUIDFWDQWVWDELOLVDQWRXFDSSLQJDJHQW/DV\QWKqVH







HW QRXV OHV DYRQV FRPSDUpV DYHF OHXUV SDUHQWV ODFXQDLUHV HW VDWXUpV HWRX KRPRORJXHV
YDQDGLTXHV




SRXU OD UpGXFWLRQ GHV FDWLRQV PpWDOOLTXHV 3G 3WRX $X VL RQ OHV FRPSDUH DX[ 320V




SDU UpDFWLRQ DYHF XQ 320 UHSRVH VXU XQ pYHQWXHO HIIHW V\QHUJLTXH HQWUH FKDFXQ GHV







III.1. Etudes UV - visible des polyoxométallates 
III.1.1. ±±Ƚ-P2W15M3 (M = Mo et V) par 
spectroélectrochimie 
&HWWH SUHPLqUH SDUWLH D SRXU REMHFWLI OD GpWHUPLQDWLRQ GHV VLJQDWXUHV HQ VSHFWURVFRSLH
89±YLVLEOHGHVGLIIpUHQWVpWDWVGH UpGXFWLRQGHV320VTXL VHUYLURQWj OD V\QWKqVHGH13V
PpWDOOLTXHV3RXUFHWWHpWXGHODVSHFWURpOHFWURFKLPLHHVWXQHWHFKQLTXHGHFKRL[TXLFRXSOHOD





pJDOHPHQWpWpSRVVLEOHGHPHWWUHHQDYDQW ODSUpVHQFHGHSRLQW LVREHVWLTXHV\QRQ\PHGH OD
FRQVHUYDWLRQGHODVWUXFWXUHGXFRPSRVpDXFRXUVGHO¶DGGLWLRQG¶pOHFWURQV
/HFRPSRVpĮ3:0RDpWpVXFFHVVLYHPHQWUpGXLWjHWpOHFWURQVDILQG¶DPHQHUOHV







GH  QP HVW GXH DX WUDQVIHUW GH FKDUJH R[\JqQH ĺ PpWDO DX VHLQ GX 320 OHV VDXWV
G¶DEVRUEDQFH j  QP VRQW GXV j O¶DSSDUHLOODJH HW DX FKDQJHPHQW GH GpWHFWHXU GX
































































































III.1.2. Irradiation des POMs dans le domaine du visible (ɉ ? ? ? ?Ȍ 





O¶pQHUJLH GX UD\RQQHPHQW LQFLGHQW HQ G¶DXWUHV PRWV LO IDXW TX¶LO DEVRUEH GDQV OH GRPDLQH
FKRLVL2UODSOXSDUWGHVSRO\R[RPpWDOODWHVQ¶DEVRUEHSDVRXSHXGDQVOHGRPDLQHGXYLVLEOH







pWXGHV ,O HVW LPSRUWDQW GH QRWHU TXH OHV UpVXOWDWV HQ VSHFWURVFRSLH 89±YLVLEOH VRQW WUqV
VLPLODLUHVTXHOHVLUUDGLDWLRQVVRLHQWIDLWHVGDQVO¶HDXRXGDQVXQPLOLHXSOXVDFLGH,OQHIDXW
SDV RXEOLHU TXH SRXU UpGXLUH OH 320 SDU SKRWRUpGXFWLRQ LO HVW QpFHVVDLUH G¶\ DMRXWHU XQ
GRQQHXU VDFULILFLHO G¶pOHFWURQV O¶LVRSURSDQRO GRQW OD FRQFHQWUDWLRQ VHUD IL[pH j  0 /H
PRQWDJHXWLOLVpFIDQQH[H,SHUPHWXQHDJLWDWLRQFRQVWDQWHGHO¶pFKDQWLOORQVRXVOHIDLVFHDX











pWXGLpV VRQW SUpVHQWpV FLDSUqV ILJXUH  ILJXUH  ,OV VRQW pYLGHPPHQW VLPLODLUHV j FHX[
























































SLF HQ IRQFWLRQ GX WHPSV G¶LUUDGLDWLRQ LO VHPEOH SRVVLEOH G¶DWWHLQGUH OHV  GH
WUDQVIRUPDWLRQPDLVGDQVXQWHPSVUHODWLYHPHQWORQJ
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III.1.2.c. Influence de concentration en isopropanol 
(QILQXQHGHUQLqUHpWXGHDpWDLWPHQpHVXUO¶LQIOXHQFHGHODFRQFHQWUDWLRQHQLVRSURSDQRO,OD






























/¶HQVHPEOH GHV VSHFWUHV 89±YLVLEOH HQ IRQFWLRQ GH OD FRQFHQWUDWLRQ HQ LVRSURSDQRO HVW





GH UpGXFWLRQ GHV 320V SDU YRLH SKRWRFKLPLTXH VXLYDQWR OD SUHPLqUH UpDFWLRQ WUDGXLW
O¶H[FLWDWLRQGX320VRXV O¶HIIHWGXUD\RQQHPHQW LQFLGHQW OHFRQGXLVDQWjXQpWDWIRUWHPHQW








DYHF 4  
 4 
N >0H &+2+@N%  
^N  N >0H &+2+@`

$WWHQWLRQWRXWHIRLVXQHREVHUYDWLRQDWWHQWLYHGHVVSHFWUHV89±YLVLEOHPRQWUHO¶DXJPHQWDWLRQ
GHODFRQFHQWUDWLRQGHO¶HVSqFHUpGXLWHjpOHFWURQV ORUVTXH ODFRQFHQWUDWLRQHQ LVRSURSDQRO
DXJPHQWH HW LO HVW SULPRUGLDO GH QH SDV FRQVLGpUHU FHWWH FRQWULEXWLRQ GDQV OHV UpJUHVVLRQV
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&RPPHDWWHQGXORUVTXHODFRQFHQWUDWLRQHQLVRSURSDQRODXJPHQWHODYLWHVVHGHUpGXFWLRQGX

































 NV NN40 &RHIILFLHQWGHUpJUHVVLRQ5ð
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III.2. Synthèse de nanoparticules métalliques par irradiation 

























III.2.1. Synthèse de nanoparticules de palladium en milieu sulfate de 
sodium 
/HVSUHPLHUVHVVDLVRQWpWpUpDOLVpVGDQVXQPLOLHXRO¶RQpWDLWVUGHODVWDELOLWpGHV320VVXU











'DQ V X Q S UHPLHU WHPS V RQ REVHUYH FODLUHPHQW OD VLJQ DWX UH G H OD 6%3 DS UqV  PLQ X WHV
G¶LUUDGLDWLRQ/HSLFG¶DEVRUEDQFHGX320UpGXLWQ¶HVWSDVHQFRUHREVHUYpSUREDEOHPHQWSDUFH
TX¶LOVHUpR[\GHHQUpGXLVDQW OHSDOODGLXP,,HQDFFRUGDYHFOHSURFHVVXVGHIRUPDWLRQGHV
























































































































GH VROXWLRQV FROORwGDOHV GH QDQRSDUWLFXOHV ELHQ GLVSHUVpHV (Q UHYDQFKH FHWWH WHFKQLTXH
SRXUUDLWrWUHXWLOHQRWDPPHQWSRXUOHWUDLWHPHQWGHPLOLHX[FRQWDPLQpVSDUGHVPpWDX[WR[LTXH
























63% GHV QDQRSDUWLFXOHV GH 3G GHYLHQW GH SOXV HQ SOXV SUpVHQWH $ SDUWLU GH  PLQXWHV
G¶LUUDGLDWLRQ OH SLF G¶DEVRUEDQFH GX 320 UpGXLW FURvW DX IXU HW j PHVXUH TXH O¶LUUDGLDWLRQ
FRQWLQXH2QREVHUYHXQGpFDODJHGDQVODYDOHXUGHODORQJXHXUG¶RQGHGXSLFGjO¶HIIHWGH
OD63%GXSDOODGLXP(QILQHQWUHHWPLQXWHVG¶LUUDGLDWLRQO¶DEVRUEDQFHHVWVWDELOLVpHVXU





























































/HV GLVSHUVLRQV GH QDQRSDUWLFXOHV GH SDOODGLXP VRQW GRQF VWDEOHV HQ ILQ GH V\QWKqVH PDLV
TX¶DGYLHQWLOGHFHWpWDWVXUXQWHPSVEHDXFRXSSOXVORQJ"&HWWHpWXGHDWRXMRXUVpWpPHQpH
SDU VSHFWURVFRSLH89±YLVLEOHHW LO DSSDUDLWTXH OHVSDUWLFXOHV VRQW VWDEOHV VXUDXPRLQVXQ
PRLVHWFHTXHOTXHVRLWODYDOHXUGXSDUDPqWUHȖ/HOHQGHPDLQGHODV\QWKqVHO¶DEVRUEDQFH
D IRUWHPHQWGpFUXFHODHVW WRXW VLPSOHPHQWGDX IDLWTXH OH320UpGXLW V¶HVW UpR[\GpDX










































































O¶HVSqFHYDQDGLTXHVRQW OHV PrPHVTXHFHX[REVHUYpVSRXU O¶HVSqFH PRO\EGLTXHj VDYRLU
UpGXFWLRQGX320DYHFDSSDULWLRQG¶XQHIRUWHDEVRUSWLRQFHQWUpHVXUQPIRUPDWLRQGHV



































OD VWDELOLWp GHV QDQRSDUWLFXOHV 1pDQPRLQV VXU OH SOXV ORQJ WHUPH LO VHPEOH TXH O¶HVSqFH
YDQDGLTXH SDUYLHQQH j VWDELOLVHU OHV QDQRSDUWLFXOHV HQ VXLYDQW XQ FRPSRUWHPHQW VLPLODLUH j
FHOXL REVHUYp SRXU O¶HVSqFH PRO\EGLTXH SRXU Ȗ   GLPLQXWLRQ GH O¶DEVRUEDQFH ORUV GHV
SUHPLHUVMRXUVSXLVVWDELOLVDWLRQDYHFXQHEDQGHSODVPRQWRXMRXUVELHQYLVLEOH(QUHYDQFKHVL
RQSUHQGODV\QWKqVHDYHFXQȖGHOD63%ILQLWSDUFRPSOqWHPHQWGLVSDUDLWUHV\QRQ\PHGH


























































III.3. Caractérisation physico-chimiques des nanoparticules de 
palladium obtenues par irradiation 
III.3.1. Microscopie électronique en transmission 
/DPLFURVFRSLHpOHFWURQLTXHHQWUDQVPLVVLRQ7(0FODVVLTXHHWjKDXWHUpVROXWLRQ+57(0
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56'UHODWLYHVWDQGDUGGHYLDWLRQ܀܁۲ ൌ ો ܠതൗ 
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XQ PDWpULDX VXU XQH SURIRQGHXU YDULDQW GH  QP j  QP /D QDWXUH GHV OLDLVRQV
FKLPLTXHV OHVSRXUFHQWDJHVDWRPLTXHVHW OHVpWDWVG¶R[\GDWLRQGHVDWRPHVVRQWREWHQXVSDU
WUDLWHPHQWGHVGRQQpHV&HVDQDO\VHVRQWpWpHIIHFWXpHVVXUOHVpFKDQWLOORQVODYpVHWFRQFHQWUpV




































7DEOHDX  &RQFHQWUDWLRQV DWRPLTXHV UHODWLYHV REWHQXHV SDU ;36 SRXU OHV V\QWKqVHV GH
QDQRSDUWLFXOHVSDULUUDGLDWLRQG¶XQPpODQJH3203GSRXUFKDTXH320jGLIIpUHQWVȖ
320 (OpPHQW &RQFHQWUDWLRQDWRPLTXHUHODWLYHȖ  Ȗ  Ȗ 
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SLFV GH GLIIUDFWLRQ GHV SODQV   HW  VRQW REVHUYpV j   HW 









PpWDOOLTXHV VRQW SUREDEOHPHQW VRXV IRUPH GH IUDJPHQWV SOXV RX PRLQV FRQGHQVpV 'HV
REVHUYDWLRQV VLPLODLUHV DYDLHQW pWp HIIHFWXpHV SDU GHV WUDYDX[ GH 6 0DQGDO HW DO &HWWH
K\SRWKqVH H[SOLTXH pJDOHPHQW SRXUTXRL OHV FRQFHQWUDWLRQV DWRPLTXHV UHODWLYHV GHV PpWDX[
GpWHUPLQpHVSDU;36QHFRUUHVSRQGHQWSOXVDX[UDSSRUWVGHVpOpPHQWVDXVHLQGHODVWUXFWXUH























&H WURLVLqPH FKDSLWUH HVW FHQWUp VXU OD IRUPDWLRQ HW OD FDUDFWpULVDWLRQ GH QDQRSDUWLFXOHV GH
SDOODGLXP REWHQXHV SDU LUUDGLDWLRQ GDQV OH GRPDLQH GX YLVLEOH G¶XQ PpODQJH FRQWHQDQW OH
SUpFXUVHXUPpWDOOLTXHXQ320HWOHGRQQHXUVDFULILFLHOG¶pOHFWURQV,OHVWFHUWDLQTXHOH320





SRXU GpWHUPLQHU OHXU FRPSRUWHPHQW DX FRXUV GHV H[SpULHQFHV GH IRUPDWLRQ GHV 13V VRXV
LUUDGLDWLRQ,OHVWDSSDUXTXHO¶LUUDGLDWLRQGDQVOHGRPDLQHGXYLVLEOHȜQPHVWHIILFDFH
SRXUUpGXLUHOHV320VjXQpOHFWURQHQSUpVHQFHG¶LVRSURSDQRO7RXWHIRLVLOIDXWTXHFHV320V
VRLHQWFDSDEOHVG¶DEVRUEHU OD OXPLqUHpPLVH(Q UHYDQFKH O¶LUUDGLDWLRQ GDQV OHVFRQGLWLRQV






















HQ ILQ GH V\QWKqVH (Q HIIHW O¶LUUDGLDWLRQ GDQV OH FDV SUpVHQW VH IDLW VXU HQYLURQ  P/ GH
VROXWLRQjGHVFRQFHQWUDWLRQVDXWRXUGH0'DQVO¶RSWLTXHGHSUpSDUHUGHVTXDQWLWpVSOXV





/D V\QWKqVH GHV QDQRSDUWLFXOHV GH SDOODGLXP SDU LUUDGLDWLRQ V¶DYqUH GRQF rWUH XQH PpWKRGH
UHODWLYHPHQW VLPSOHHIILFDFHHW UHSURGXFWLEOHSRXUREWHQLUGHVQDQRSDUWLFXOHVGHSDOODGLXP
&HVQDQRSDUWLFXOHVVHURQWFDUDFWpULVpHVSDUpOHFWURFKLPLHGDQVOHFKDSLWUHVXLYDQWHWXWLOLVpHV




































Liste des figures et des tableaux 


























)LJXUH  9DULDWLRQ GH OD ORQJXHXU G¶RQGH j XQH DEVRUEDQFH GH  HQ IRQFWLRQ GX WHPSV
G¶LUUDGLDWLRQ SRXU XQ PpODQJH 3:0R3G,, Ȗ    HQ PLOLHX VXOIDWH GH VRGLXP HW SRXU
3:0RVHXO 






HQ IRQFWLRQGXWHPSVG¶LUUDGLDWLRQ%9DULDWLRQGH O¶DEVRUEDQFHjQPHQ IRQFWLRQGX
WHPSVG¶LUUDGLDWLRQ 





)LJXUH  6SHFWUHV 89 ± YLVLEOH DYDQW HW DSUqV FHQWULIXJDWLRQ G¶XQH V\QWKqVH GH
QDQRSDUWLFXOHVGH3GSDULUUDGLDWLRQDYHF3:0R 
)LJXUH,UUDGLDWLRQG¶XQPpODQJH3:93G,,Ȗ $VSHFWUHV89±YLVLEOHREWHQXV
HQ IRQFWLRQGXWHPSVG¶LUUDGLDWLRQ%9DULDWLRQGH O¶DEVRUEDQFHjQPHQ IRQFWLRQGX
WHPSVG¶LUUDGLDWLRQ 
)LJXUH6SHFWUHV89±YLVLEOHSUpVHQWDQW O¶pYROXWLRQGH PpODQJHV3203G,, Ȗ  VXU
SOXVLHXUVMRXUV$DYHF3:0RHW%DYHF3:9 









































Chapitre IV Ȃ Caractérisation électrochimique et propriétés 
électro-catalytiques des nanoparticules de palladium et des 
matériaux hybrides POMs/NPs  
Introduction  
1RXV DYRQV DGDSWp XQH PpWKRGH VLPSOH HW IDFLOHPHQW UHSURGXFWLEOH SRXU OD V\QWKqVH GH



















UHFKHUFKH WUqV DFWLI SDUFH TX¶LOV SHXYHQW rWUH FRQVLGpUpV FRPPH SROOXDQWV (Q HIIHW
O¶2UJDQLVDWLRQ0RQGLDOHGHOD6DQWpDIL[pXQHFRQFHQWUDWLRQPD[LPDOHDGPLVVLEOH&0$GH
O¶HDX SRWDEOH HQ LRQV QLWUDWH j  PJ/ G¶R O¶LPSRUWDQFH GH OHXU pOLPLQDWLRQ /HV
PpFDQLVPHVGHUpGXFWLRQGHVLRQVQLWUDWHSHXYHQWGHYHQLUWUqVFRPSOH[HVGHSDUODPXOWLWXGH















/D UpGXFWLRQ GX GLR[\JqQH TXDQW j HOOH VXVFLWH pJDOHPHQW EHDXFRXS G¶LQWpUrWV QRWDPPHQW
SRXUOHVSLOHVjFRPEXVWLEOHV(WLODpWpPLVHQDYDQWTXHFHUWDLQV320VQRWDPPHQWFRQWHQDQW
GHVFHQWUHV)H,,,RX&X,,VRQWFDSDEOHVGHUpGXLUH OHGLR[\JqQHjGHVSRWHQWLHOVUHODWLYHPHQW
EDV± /D UpGXFWLRQ WRWDOH GX GLR[\JqQH FRQGXLW j OD IRUPDWLRQ GH+2 7RXWHIRLV LO HVW








VROLGHª RX ©pOHFWURGH PRGLILpHª /D PRGLILFDWLRQ G¶pOHFWURGHV j EDVH GH 320V D VXVFLWp
EHDXFRXS G¶LQWpUrW QRWDPPHQW GDQV OH GRPDLQH GH OD UHFKHUFKH GH QRXYHDX[ PDWpULDX[


























©GURS FRDWLQJª  pWDLW UHODUJXp HQ VROXWLRQ PDOJUp OD FRXFKH GH 1DILRQ &HV pWXGHV























GHYLHQW GH SOXV HQ SOXV QHW DX IXU HW j PHVXUH TXH OH S+ DXJPHQWH ILJXUH % /HV
FRPSDUDLVRQV HQWUH OHV &9V SRXU O¶HVSqFH HQ VROXWLRQ HW O¶HVSqFH ©FROOpHª j O¶pOHFWURGH
PRQWUHQWTXHOHXUVFRPSRUWHPHQWVVRQWWUqVSURFKHVOHVSRWHQWLHOVGHUpGXFWLRQGHVGLIIpUHQWV
FHQWUHV PRO\EGLTXHV RX YDQDGLTXHV VRQW TXDVLPHQW OHV PrPHV ILJXUH % ILJXUH % /D
GLIIpUHQFH V¶REVHUYH GDQV OHV YDOHXUV GH SRWHQWLHOV GH SLFV DQRGLTXHV (Q HIIHW SRXU OHV
pOHFWURGHV PRGLILpHV OH SRWHQWLHO GH SLF DQRGLTXH HW OH SRWHQWLHO GH SLF FDWKRGLTXH
FRUUHVSRQGDQW RQW SUHVTXH OD PrPH YDOHXU SKpQRPqQH FDUDFWpULVWLTXH GHV pOHFWURGHV GLWHV
VROLGHV3RXUOHVHVSqFHVHQVROXWLRQXQGpFDODJHYHUVGHVSRWHQWLHOVSOXVSRVLWLIVHVWREVHUYp
GpFDODJHTXLYDGpSHQGUHGXQRPEUHG¶pOHFWURQVPLVHQMHXFDUDFWpULVWLTXHGHVSURFHVVXVUHGR[






















































































































































































































YHUV GHV SRWHQWLHOV SOXV IDLEOHV IDLW DSSDUDLWUH OHV YDJXHV W\SLTXHV GX SKpQRPqQH
G¶DGVRUSWLRQGpVRUSWLRQ GH O¶K\GURJqQH VXLYL GH O¶+(5 K\GURJHQ HYROXWLRQ UHDFWLRQ OHV
SURWRQVVRQWDGVRUEpVHWUpGXLWVjODVXUIDFHGHO¶pOHFWURGHHWORUVTXHO¶RQYDYHUVGHVSRWHQWLHOV
HQFRUH SOXV EDV LOV VRQW GpJDJpV VRXV IRUPH GH + /H EDOD\DJH HQ R[\GDWLRQ PRQWUH OD
IRUPDWLRQ G¶R[\GHV GH SDOODGLXP TXL YRQW V¶DGVRUEHU j OD VXUIDFH GH O¶pOHFWURGH /H SLF










OLQpDLUHPHQW SURSRUWLRQQHOOH j OD YLWHVVH GH EDOD\DJH ILJXUH  TXH FH VRLW SRXU OH SLF  GH
O¶K\GURJqQHRXFHOXLGHGpVRUSWLRQGHVR[\GHVGHSDOODGLXP



























































































IV.1.2.b. Etude en fonction du pH 
/¶pWXGHHQIRQFWLRQGXS+PRQWUHTXHWRXVOHVSURFHVVXVUHGR[REVHUYpVVRQWGpSHQGDQWVGX








SOXV GLIILFLOH OD IRUPDWLRQ GH FHV GHUQLHUV )LJXUH  7RXWHIRLV YX OD FRPSOH[LWp GH FHV
SURFHVVXV LO HVW GLIILFLOH G¶pWDEOLU GHV UqJOHV JpQpUDOHV G¶pFKDQJHV pOHFWURQLTXHV SRXU OH
SDOODGLXPGpSRVpHjO¶pOHFWURGH0DLVRQSHXWFRQVLGpUHUO¶H[HPSOHGHODUpDFWLRQGHUpGXFWLRQ







































































































































IV.1.3.  ǯ±   ± 
POM/NPs 





/HVYDJXHVGXHVj ODSUpVHQFHGX320VHGLVWLQJXHQWFODLUHPHQWVXU OHV&9V ORUVTX¶RQ OHV
FRPSDUHDYHF OHV&9VREWHQXVDYHF OHV13VVHXOHV/D YDJXH UpYHUVLEOHj9 YV6&(




QDQRSDUWLFXOHV VHXOHV OH IDLW GH GLVSHUVHU OH PDWpULDX GDQV OH QRLU GH FDUERQH DPqQH XQH
DPpOLRUDWLRQGHO¶DFWLYLWpGHO¶pOHFWURGHYLVjYLVGHO¶DGVRUSWLRQGHO¶K\GURJqQHRQDXQJDLQ
GH  P9 S+  FRPSDUp DX PDWpULDX QRQ GLVSHUVp GDQV OH FDUERQH ILJXUH % (Q






















































































HQ pYLGHQFH XQH V\QHUJLH HQWUH OHV QDQRSDUWLFXOHV GH SDOODGLXP HW OH 320 TXL FRQGXLW j
O¶DSSDULWLRQG¶XQHDFWLYLWpFDWDO\WLTXHSRXUFHWWHUpDFWLRQDFWLYLWpLQH[LVWDQWHDYHFOH320VHXO
RX3GVHXOǻ(216(7§9


















































$ OD YXH GH FHV UpVXOWDWV LO DSSDUDLW FODLU TXH OHV QDQRSDUWLFXOHV GH SDOODGLXP VHXOHV RX
DVVRFLpHV DX 320 PRO\EGRWXQJVWLTXH 3:0R QH VRQW SDV GH ERQV FDQGLGDWV SRXU OD
UpGXFWLRQGHVLRQVQLWUDWH'DQVODOLWWpUDWXUHOHVPDWpULDX[HWOHVPROpFXOHV320VFDSDEOHVGH
UpGXLUHOHVLRQVQLWUDWHVVRQWSRXUODSOXSDUWjEDVHGHFXLYUH±1RXVDYRQVGRQFSRXU









IV.3. Dépôt électrolytique de films de cuivre et de palladium sur GC 
'DQV OH FDV GH OD UpGXFWLRQ GHV LRQV QLWUDWH O¶XWLOLVDWLRQ GH V\VWqPH ELPpWDOOLTXH GDQV OD




HQ pYLGHQFH TXH OH IDLW GH GpSRVHU OH SDOODGLXP ©SDUGHVVXVª OH FXLYUH FRQGXLW j XQH
DPpOLRUDWLRQ GH O¶DFWLYLWp pOHFWURFDWDO\WLTXH YLVjYLV GH OD UpGXFWLRQ GHV LRQV QLWUDWH SDU
UDSSRUWDXFXLYUHVHXO
/DPRGLILFDWLRQG¶pOHFWURGHSDUpOHFWURGpSRVLWLRQGHFDWLRQVPpWDOOLTXHVHQVROXWLRQPqQHjOD
IRUPDWLRQ G¶XQ ILOP PpWDOOLTXH PpWDO j O¶pWDW G¶R[\GDWLRQ  j OD VXUIDFH GH O¶pOHFWURGH
UHODWLYHPHQW KRPRJqQH GDQV VD PRUSKRORJLH IRUPpH OH SOXV VRXYHQW GH PRWLIV j WDLOOHV
QDQRPpWULTXHV&HWWHPpWKRGHV¶DYqUHWUqVHIILFDFHSRXUFUpHUGHVpOHFWURGHVIRUWHPHQW
DFWLYHV SRXU FDWDO\VHU OHV UpDFWLRQV pOHFWURFKLPLTXHV VRXKDLWpHV 7RXWHIRLV GH QRPEUHX[
SDUDPqWUHVYRQWMRXHUXQU{OHLPSRUWDQWVXUOHILOPFUpp OHWHPSVHWOHSRWHQWLHOFKRLVLSRXU
O¶pOHFWURGpSRVLWLRQODQDWXUHGXSUpFXUVHXUPpWDOOLTXHOHS+GHODVROXWLRQ«
IV.3.1. Présentation du précurseur de cuivre 
1RXVDYRQVGpFLGpG¶HIIHFWXHUOHVGpS{WVpOHFWURO\WLTXHVGHFXLYUHjSDUWLUG¶XQ320GHW\SH
'DZVRQ>Į3:0R&X+22@&H320DpWpFKRLVLDILQG¶DVVXUHUXQHFRQWLQXLWp
GDQV QRV H[SpULHQFHV HQ HIIHW LO GpULYH IRUPHOOHPHQW GX FRPSRVp >Į3:0R2@ GDQV
OHTXHOXQFHQWUH0R9,DpWpUHPSODFpSDUXQFHQWUH&X,,'HVWUDYDX[DQWpULHXUVGHO¶pTXLSH



























































































































































































2Q YRLW TXH ORUVTXH OH QLWUDWH GH VRGLXP HVW DMRXWp GDQV OD VROXWLRQ FRXUEH URXJH
O¶DXJPHQWDWLRQ GX FRXUDQW GH UpGXFWLRQ VH IDLW j GHV SRWHQWLHOV PRLQV QpJDWLIV TXH
SUpFpGHPPHQWHWFRUUHVSRQGj OD UpGXFWLRQGHV LRQVQLWUDWH VXU O¶pOHFWURGH*&/¶pOHFWURGH














































GLIIpUHQWHV pOHFWURGHV PRGLILpHV O¶pOHFWURGH *& YD rWUH SROLH GH IDoRQ SOXV FODVVLTXH FI
DQQH[H,DYDQWFKDTXHGpS{WHWXQHOLJQHGHEDVHHQUHJLVWUpHDILQGHFRPSDUHUOHVFRXUDQWV
GHIRQG/¶pOHFWURGHPRGLILpH*&&X3GYDrWUHXWLOLVpHG¶DERUGVHXOHGDQVO¶pOHFWURO\WH
0 1D62  +62  S+  6XU OH &9 REWHQX ILJXUH $ FRXUEH QRLUH RQREVHUYH HQ
UpGXFWLRQOHSURFHVVXVGjODUpGXFWLRQGHVSURWRQVHWO¶DGVRUSWLRQGHO¶K\GURJqQHIRUPpSXLV













3G LO DSSDUDLW TXH OH GpS{W REWHQX j SDUWLU GX VHO GH FXLYUH GRQQH GH PHLOOHXUV UpVXOWDWV
ǻ(216(7§P9YV6&(ILJXUH%




















































IV.4. Electrode de cuivre et dépôt électrolytique de palladium 






S+  ±  9 YV 6&(  PRO GH 3G,, GpSRVp 1RXV DYRQV pJDOHPHQW XWLOLVp OHV
QDQRSDUWLFXOHVGHSDOODGLXPV\QWKpWLVpHVGLVSHUVpHVGDQVODSRXGUHGHFDUERQHQRLUDLQVLTXH












































/H WDEOHDX  VXLYDQW UpFDSLWXOH WRXV OHV UpVXOWDWV REWHQXV DYHF OHV GLIIpUHQWHV pOHFWURGHV
PRGLILpHV *& HW &( SRXU OD UpGXFWLRQ pOHFWURFDWDO\WLTXH GHV LRQV QLWUDWH j S+  2Q




























IV.4.2. Etude de la sensibilité de ǯ±-Pd 
/DFDSDFLWpGHVGLIIpUHQWHVpOHFWURGHVjUpGXLUHOHVLRQVQLWUDWHQ¶HVWSDVXQHILQHQVRL(QHIIHW
LO IDXW TXH FHV pOHFWURGHV VRLHQW UHODWLYHPHQW UpDFWLYHV j GH WUqV IDLEOHV YDULDWLRQV GH
FRQFHQWUDWLRQV GHV LRQV QLWUDWH QRWDPPHQW HQ YXH G¶DSSOLFDWLRQV FRPPH FDSWHXU
pOHFWURFKLPLTXHRXGpWHFWHXU&RPPHGLWGDQVO¶LQWURGXFWLRQGHFHFKDSLWUHO¶206DIL[pXQ
VHXLO GH SROOXWLRQ HQ LRQV QLWUDWH j PJ/ GDQV OHV HDX[ FH TXL FRUUHVSRQG j XQH
FRQFHQWUDWLRQGH0
$ILQGH WHVWHU OD VHQVLELOLWpGH O¶pOHFWURGH&(3GQRXVQRXVVRPPHV EDVpV VXUGHV WUDYDX[
HIIHFWXpVSDU6LJDXGHWDO'DQVXQSUHPLHUWHPSVQRXVDYRQVpWXGLpODUpSRQVHGHO¶pOHFWURGH
SDUYROWDPPpWULHF\FOLTXHHQIRQFWLRQGHODFRQFHQWUDWLRQHQLRQVQLWUDWHDMRXWpVILJXUH







FKRLVLU OH SRWHQWLHO DXTXHO OD UpSRQVH GH O¶pOHFWURGH VHUD OD PHLOOHXUH 3RXU GpWHUPLQHU FH































































































SOXV IDLEOHTXH OH VHXLOGHSROOXWLRQ IL[pSDU O¶2067RXWHIRLV LO IDXWSUHQGUHHQFRPSWH OD
VROXWLRQXWLOLVpHHVWXQpOHFWURO\WHGpJD]pHWSUpSDUpjEDVHG¶HDXXOWUDSXUHPLOOL48QWHVWD
pWp IDLW VXU OD PrPH VROXWLRQ PDLV QRQ GpJD]pH j O¶DUJRQGRQF HQ SUpVHQFH G¶R[\JqQH /H
VLJQDOGHO¶LQWHQVLWpHVWEHDXFRXSSOXVEUXLWpTXHSUpFpGHPPHQWHWFRQWUDLUHPHQWjFHTXLHVW
REVHUYp FLGHVVXV O¶DMRXW GH IDLEOHV TXDQWLWpV G¶LRQV QLWUDWH QH FRQGXLW SOXV j GHV VDXWV
G¶LQWHQVLWpELHQGpILQL/¶LQWHQVLWpGpFURLWGHPDQLqUHFRQWLQXHORUVG¶DMRXWVGH0HQLRQV










GLVVRXWV FRPPH 2 RX &2 G¶DXWUHV LRQV HQ VROXWLRQV WHOV TXH 0J &D +&2« TXL
FRQGXLURQWSUREDEOHPHQWjXQHVHQVLELOLWpHQFRUHSOXVIDLEOHGHO¶pOHFWURGHYLVjYLVGHVLRQV
QLWUDWHDQDO\VHVTXLQ¶RQWSDVSXrWUHIDLWHVSDUPDQTXHGHWHPSV 





















UpGXFWLRQGXVTXHOHWWH WXQJVWLTXH/HV QDQRSDUWLFXOHVGHSDOODGLXPTXDQWjHOOH PRQWUHXQH
IRUWHDFWLYLWpSRXUODUpGXFWLRQGHVSURWRQVHW ODSURGXFWLRQG¶K\GURJqQH(QILQQRXVDYRQV
PLVHQSODFHXQHPpWKRGHGHIRUPDWLRQGHPDWpULDX[K\EULGHV3203G13V&TXLPRQWUHXQH
DFWLYLWp LQWpUHVVDQWHYLVjYLVGH OD UpGXFWLRQGX GLR[\JqQH/D PpWKRGHGHSUpSDUDWLRQGHV
GLIIpUHQWHV pOHFWURGHV VROLGHV YD GLUHFWHPHQW LPSDFWHU VXU OHV UpVXOWDWV REWHQXV SXLVTXH OH
VLPSOHIDLWGHGLVSHUVHUOHPDWpULDXGDQVGHODSRXGUHGHFDUERQHQRLUDPqQHGpMjGHVUpVXOWDWV
GLIIpUHQWV TXL VRQW H[SOLTXHU SDU OD PRGLILFDWLRQ GH O¶pWDW GH VXUIDFH GH O¶pOHFWURGH HW
SUREDEOHPHQWXQHDFWLYLWpVSpFLILTXHDFFUXH/¶XQGHVREMHFWLIVSULQFLSDX[GHFHFKDSLWUHpWDLW
















SURFKHVGHFHX[REWHQXVDYHF OD PHLOOHXUHpOHFWURGH*&PRGLILpH1RXVDYRQVSDU OD VXLWH
pWXGLp OD VHQVLELOLWpGHFHWWHpOHFWURGHGHFXLYUH PRGLILpH YLVjYLVGH OD UpGXFWLRQGHV LRQV
QLWUDWH&HWWHpOHFWURGHSHUPHWGHGpWHFWHUXQHYDULDWLRQGHFRQFHQWUDWLRQGH0HQLRQV
QLWUDWH GDQV OHV FRQGLWLRQV GH PDQLSXODWLRQ 7RXWHIRLV LO IDXW ELHQ FRPSUHQGUH TXH O¶HDX
SRWDEOHFRQWLHQWEHDXFRXSGHJD]HWG¶LRQVGLVVRXWVTXLYRQWSUREDEOHPHQWPRGLILHUODSUpFLVLRQ
HWODVHQVLELOLWpGHVGLIIpUHQWVV\VWqPHVXWLOLVpV
/HV GLIIpUHQWV UpVXOWDWV GRLYHQW rWUH FRPSOpWHU SDU GHV FDUDFWpULVDWLRQV VXSSOpPHQWDLUHV
FRPPH QRWDPPHQW OD VSHFWURPpWULH GH PDVVH FRXSOpH j O¶pOHFWURFKLPLH SRXU DQDO\VHU OHV
SURGXLWV GHV GLIIpUHQWHV UpDFWLRQV pOHFWURFDWDO\WLTXHV RX HQFRUH O¶$)0 SRXU pWXGLHU OD
PRUSKRORJLH GHV GpS{WV IRUPpV DILQ GH PLHX[ FRPSUHQGUH OHV SKpQRPqQHV REVHUYpV SDU
pOHFWURFKLPLH%HDXFRXSG¶pWXGHVVXSSOpPHQWDLUHVSHXYHQWpJDOHPHQWrWUHHQWUHSULVHVFRPPH
SDUFKRLVLUXQSUpFXUVHXUPpWDOOLTXHGLIIpUHQWSDUH[HPSOHO¶XWLOLVDWLRQGX3:&XTXLDOD
SDUWLFXODULWp GH SURGXLUH GHV QDQRSDUWLFXOHV GH FXLYUH VRXV LUUDGLDWLRQ 89  YLVLEOH pWXGLHU
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P9V $ DGVRUSWLRQGpVRUSWLRQ GHV R[\GHV GH SDOODGLXP HW GH O¶K\GURJqQH %
DGVRUSWLRQGpVRUSWLRQ GH O¶K\GURJqQH S+   0 +62 S+   0 1D62 
+62S+01D$F2&+&22+ 

























pOHFWURGH PRGLILpH DYHF XQ GpS{W FXLYUHSDOODGLXP *&&X3G  S+    0 1D62 
+62YLWHVVHGHEDOD\DJHP9V>12@ P0 







%&RPSDUDLVRQGH OD UpGXFWLRQGHV LRQV QLWUDWHHQ IRQFWLRQGH OD QDWXUHGXSUpFXUVHXUGH
FXLYUHS+01D62+62YLWHVVHGHEDOD\DJHP9V>12@ P0  
)LJXUH  9ROWDPPRJUDPPHV F\FOLTXHV GHV GLIIpUHQWHV pOHFWURGHV PRGLILpHV pWXGLpHV HQ
SUpVHQFHHWHQDEVHQFHG¶LRQVQLWUDWHS+01D62+62YLWHVVHGHEDOD\DJH
P9V>12@ P0 
)LJXUH  9ROWDPPpWULH OLQpDLUHV GH O¶pOHFWURGH &(3G HQ DEVHQFH HW HQ SUpVHQFH GH
FRQFHQWUDWLRQV FURLVVDQWHV HQ LRQV QLWUDWH  S+   0 1D62  +62 YLWHVVH GH
EDOD\DJHP9VDMRXWGHP0GH1D12HQWUHFKDTXHWUDFp 
)LJXUH  $ &KURQRDPSpURPpWULH DYHF pOHFWURGH &(3G S+   0 1D62 
+62GpJD]p( 9YV6&(DXJPHQWDWLRQGHODFRQFHQWUDWLRQHQLRQVQLWUDWHGHL



























FDWKRGLTXH GHV SLOHV j FRPEXVWLEOHV 3RXU FH IDLUH QRXV QRXV VRPPHV DSSX\pV VXU OHV
SURSULpWpV pOHFWURFDWDO\WLTXHV GH PDWpULDX[ K\EULGHV j EDVH GH SRO\R[RPpWDOODWHV 320V
DQDORJXHV PROpFXODLUHV VROXEOHVGH PpODQJHVG¶R[\GHV PpWDOOLTXHVHWGHQDQRSDUWLFXOHVGH
SDOODGLXP
7RXWG¶DERUGQRXVDYRQVGRQFpWXGLpOHVGLIIpUHQWVSURFHVVXVpOHFWURFKLPLTXHVTXLUpJLVVDLHQW






OHV FHQWUHV WXQJVWLTXHV GX 320 FRQGXLVDQW WUqV VRXYHQW j GHV YDJXHV PXOWLpOHFWURQLTXHV
LUUpYHUVLEOHVTXLHQWUDLQHQWODPRGLILFDWLRQGHODVXUIDFHGHO¶pOHFWURGH,ODpJDOHPHQWpWpPLV





GLPqUH Į6L:0R2(X TXL PRQWUH GHV UpVXOWDWV SURPHWWHXUV SRXU OD UpGXFWLRQ GH
O¶R[\JqQH
(QVXLWHQRXVDYRQVVpOHFWLRQQpGHX[GHVHV320VGHODIDPLOOHGH'DZVRQO¶LRQĮ3:0R
HW OHĮ3:9SRXU OD V\QWKqVHGHQDQRSDUWLFXOHVGHSDOODGLXPGDQV O¶HDX SDU LUUDGLDWLRQ
GDQVOHGRPDLQHGXYLVLEOHȜQP(QHIIHWOHV320VVRQWFRQQXVSRXUFHWWHXWLOLVDWLRQ
FDU LOV YRQW j OD IRLV MRXHU OH U{OH GH UpGXFWHXU GX FDWLRQ PpWDOOLTXH PDLV pJDOHPHQW GH
VXUIDFWDQW/DV\QWKqVHSDUSKRWRUpGXFWLRQDpWpSUpIpUpHjFHOOHSDUpOHFWURUpGXFWLRQFDUHOOH
D O¶DYDQWDJH GH SHUPHWWUH XQ VXLYL GH OD IRUPDWLRQ GHV QDQRSDUWLFXOHV GH SDOODGLXP SDU
VSHFWURVFRSLH 89 ± YLVLEOH FH TXL SHUPHW G¶HQYLVDJHU O¶pWXGH GHV PpFDQLVPHV GH OHXU




UpGXLWH HW GRQF SHUPHW OD V\QWKqVH GH QDQRSDUWLFXOHV SOXV UDSLGHPHQW /HV GLVSHUVLRQV GH
QDQRSDUWLFXOHVVHVRQWDYpUpHVVWDEOHVVXUXQLQWHUYDOOHGHWHPSVG¶DXPRLQVXQPRLV$XFXQH
GLIIpUHQFH Q¶D pWp REVHUYpH DX QLYHDX GH OD WDLOOH RX GH OD PRUSKRORJLH GHV QDQRSDUWLFXOHV
VXLYDQW OHV GLIIpUHQWHV FRQGLWLRQV GH V\QWKqVH PDLV FHFL D pWp H[SOLTXp SDU OH IDLW TXH OHV
QDQRSDUWLFXOHVRQWpWpODYpHVjO¶HDXDYDQWOHVGLIIpUHQWHVFDUDFWpULVDWLRQVSK\VLFRFKLPLTXHV
/HV13VGHSDOODGLXPREWHQXHVVRQWELHQGHVWUXFWXUHFXELTXHIDFHVFHQWUpHVDYHFXQHWDLOOH
PR\HQQH VLWXpH HQWUH  HW  QP G¶DSUqV OHV UpVXOWDWV +57(0 /HV UpVXOWDWV G¶;36 RQW
SHUPLVGHYpULILHUTXHOHSDOODGLXPVHWURXYHELHQjO¶pWDWG¶R[\GDWLRQHQWUqVJUDQGHPDMRULWp
OHSDOODGLXP,,Q¶DpWpREVHUYpTX¶jO¶pFKHOOHGHWUDFHV







pOHFWURO\WLTXHVGH FXLYUH HWGHSDOODGLXP OHFXLYUHpWDQWXQGHV PHLOOHXUVFDWDO\VHXUVGH OD







































































I. Méthodes de caractérisation 
I.1.Spectroscopie infrarouge 




/DPEGD  RX 3HUNLQ(OPHU /DPEGD  SLORWpV SDU OH ORJLFLHO 89:LQODE 'HV FXYHV HQ
TXDUW]G¶XQFKHPLQRSWLTXHGHPPRQWpWpXWLOLVpHVGDQVOHVGHX[FDV
I.3.Diffraction des rayons X 
I.3.1. Sur monocristal 
/HVGRQQpHVEUXWHVRQWpWpFROOHFWpHVVXUXQGLIIUDFWRPqWUH6,(0(1660$57jWURLVFHUFOHV







RX GHV FRQWUHLRQV OHV GRQQpHV SHXYHQW rWUH FRUULJpHV SDU O¶DSSOLFDWLRQ GX SURJUDPPH
648((=(TXLIDLWSDUWLHGHODFKDLQHGHSURJUDPPHV3/$721











































/HV PHVXUHV 501 6L HW : RQW pWp HIIHFWXpV VXU XQ VSHFWURPqWUH %UNHU $YDQFH
Ȟ6L    0+] Ȟ:    0+] GDQV GHV WXEHV GH  PP /HV GpSODFHPHQWV





HQPrPHWHPSVG¶DJLWHU OD VROXWLRQ/DFXYHHVWSODFpHGDQVXQUpFHSWDFOHSHUPHWWDQWGH OD
WKHUPRVWDWHU j & j O¶DLGH G¶XQ 0LQLFKLOOHU +XEHU 8QH ODPSH DX ;HQRQ VRXV R]RQH
1HZSRUW 0RGqOH 1 FRPPDQGpH JUkFH j XQH DOLPHQWDWLRQ 1HZSRUW 0RGqOH 1
 TXL SHUPHW GH FKRLVLU OD SXLVVDQFH GH VRUWLH HVW XWLOLVpH pTXLSpH G¶XQ ILOWUH j HDX
1HZSRUW 0RGqOH 1 DYHF XQH GRXEOH HQYHORSSH pJDOHPHQW WKHUPRVWDWp ILJXUH 














I.7.1. Méthode générale 
/HVUpVXOWDWVG¶pOHFWURFKLPLHRQWpWpREWHQXVjO¶DLGHG¶XQSRWHQWLRVWDW(*	*$SLORWp
SDU OH ORJLFLHO 0 8QH FHOOXOH pOHFWURFKLPLTXH j WURLV FRPSDUWLPHQWV FRPSRUWDQW XQ




















O¶pOHFWURGHGHWUDYDLOHW O¶pOHFWURGHGH UpIpUHQFH RQ IDLWYDULHU OHSRWHQWLHOGH O¶pOHFWURGHGH
WUDYDLOWRXWHQPDLQWHQDQWFHOXLGHO¶pOHFWURGHGHUpIpUHQFHVWDEOH,OHVWjQRWHUTXHOHFRXUDQW
QHFLUFXOHSDVHQWUHFHVGHX[pOHFWURGHVPDLVHQWUHO¶pOHFWURGHGHWUDYDLOHWODFRQWUHpOHFWURGH
pYLWDQW DLQVL OD SRODULVDWLRQ GH O¶pOHFWURGH GH UpIpUHQFH *UkFH DX ORJLFLHO 0 UHOLp DX
SRWHQWLRVWDW SDU RUGLQDWHXU RQ SHXW IDLUH YDULHU OH SRWHQWLHO HQWUH XQH YDOHXU LQLWLDOH (L
JpQpUDOHPHQWFKRLVLHGHWHOOHVRUWHTX¶DXFXQHVXEVWDQFHGHODVROXWLRQQHVRLWpOHFWURDFWLYHOH








SDU GHV DOORQJHV IULWWpHV FRQWHQDQW OH PrPH pOHFWURO\WH IDLEOH SRURVLWp SRXU O¶pOHFWURGH GH
UpIpUHQFHHWPR\HQQHSRURVLWpSRXUODFRQWUHpOHFWURGH/¶pOHFWURGHGHWUDYDLOSRXUOHVDQDO\VHV






GX GLVTXH L HQ JUDWWDQW PDQXHOOHPHQW VXU GX SDSLHU GH FDUEXUH GH VLOLFLXP 6L& LL HQ
SROLVVDQWVXUGHVGUDSVGHSROLVVDJHDYHFXWLOLVDWLRQGHSkWHGHGLDPDQW'3'LDPRQG6WUXHUV
GHGLIIpUHQWHVWDLOOHVGHJUDLQPLQXWHVVXUPPLQXWHVVXUPHWPLQXWHVVXUP
LLL O¶pOHFWURGH HVW HQVXLWH SORQJp GDQV GHX[ EDLQV j XOWUDVRQV VXFFHVVLIV pWKDQRO SXLV HDX












/D FRQFHQWUDWLRQ GH SRO\DQLRQV HVW GH  PRO/ VL QRQ SUpFLVpH SRXU WRXWHV OHV





















FRUUHVSRQGDQW SUpVHQWH XQ SLF j XQ SRWHQWLHO (S ILJXUH $ (Q HIIHW VL OH SRWHQWLHO HVW
VXIILVDPPHQWSRVLWLI(L!(RQREVHUYHXQLTXHPHQWOHFRXUDQWUpVLGXHO/RUVTXHOHSRWHQWLHO
GLPLQXHODYLWHVVHGHUpGXFWLRQGH$DXJPHQWHG¶RO¶DFFURLVVHPHQWGXFRXUDQWFDWKRGLTXH








SRWHQWLHOV 2Q REVHUYH DLQVL XQ FRXUDQW DQRGLTXH HW OD FRXUEH ,   I( FRUUHVSRQGDQW j















'DQV OH FDV G¶XQ WUDQVIHUW UDSLGH V\VWqPH UpYHUVLEOH O¶LQWHQVLWp GX SLF HVW GRQQpH SDU

















FRPSRUWH XQ WUDQVIHUW GH FKDUJH DFFRPSDJQp G¶XQH DGVRUSWLRQ j OD VXUIDFH GH
O¶pOHFWURGHGHWUDYDLO
/DYROWDPPpWULHF\FOLTXHSHXWrWUHXWLOLVpHSRXUGpWHUPLQHUODQDWXUHHWODFRQFHQWUDWLRQGHV
HVSqFHV R[\GDEOHV RX UpGXFWLEOHV HQ VROXWLRQ &HWWH PpWKRGH SHUPHW DXVVL OD PHVXUH GHV
SDUDPqWUHV FLQpWLTXHV pOHFWURFKLPLTXHV GH VDYRLU ORUVTX
XQH UpDFWLRQ FKLPLTXH VH WURXYH
FRXSOpH j XQH UpDFWLRQ pOHFWURFKLPLTXH HW HQILQ GH GpWHUPLQHU FHUWDLQV SDUDPqWUHV
pOHFWURFKLPLTXHV FRPPH OH FRHIILFLHQW GH GLIIXVLRQ RX OD VXUIDFH VSpFLILTXH GX PDWpULDX
FRQGXFWHXU









OD TXDQWLWp GH VXEVWDQFH 47 /D TXDQWLWp G¶pOHFWULFLWp PLVH HQ MHX GDQV XQH pOHFWURO\VH HVW





















O¶pOHFWURGH /¶pOHFWURFDWDO\VH SHXW rWUH GpILQLH FRPPH pWDQW O¶DFFpOpUDWLRQ G¶XQH UpDFWLRQ




GH OD UpDFWLRQ pOHFWURFKLPLTXH VH SDVVH j O¶LQWHUIDFH pOHFWURGH ± VROXWLRQ 2Q DWWHQG G¶XQ
pOHFWURFDWDO\VHXUXQHDXJPHQWDWLRQGHODGHQVLWpGHFRXUDQWSRXUXQHVXUWHQVLRQIDLEOHGRQQpH
HW XQH IRUWH DFWLYLWp SRXU OD UpDFWLRQ FRQVLGpUpH 8QH DFWLYLWp FDWDO\WLTXH LPSRUWDQWH HVW
REVHUYpH VL OH FDWDO\VHXU SRVVqGH XQH JUDQGH VXUIDFH DFWLYH DFFHVVLEOH /¶pOHFWURFDWDO\VH
GpVLJQH DXVVL SDUIRLV OH UpVXOWDW G¶XQ pFKDQJH G¶pOHFWURQV HQ VROXWLRQ HQWUH O¶pOpPHQW
FDWDO\WLTXHHWOHVXEVWUDWHQVROXWLRQDYHFUpJpQpUDWLRQGXFDWDO\VHXUHQILQGHUpDFWLRQ
x 0pFDQLVPH
'H PDQLqUH JpQpUDOH OH JDLQ RX OD SHUWH G¶pOHFWURQV SDU XQH PROpFXOH V¶HIIHFWXH SDU XQH
VXFFHVVLRQGHGLIIpUHQWHVpWDSHV UpDFWLRQQHOOHVpOpPHQWDLUHVpOHFWURFKLPLTXHVRXFKLPLTXHV
/¶pWXGH WKpRULTXH GH SKpQRPqQHV FDWDO\WLTXHV UHSRVH VXU O¶DGRSWLRQ GH WHOV VFKpPDV
UpDFWLRQQHOVVLPSOLILpV(QpOHFWURFKLPLHPROpFXODLUHOHVUpGXFWLRQVpOHFWURFKLPLTXHVSHXYHQW
VHUpVXPHUSDUOHVVFKpPDVUpDFWLRQQHOVVXLYDQWV
8Q pOHFWURFDWDO\VHXU UpGXLW ' UpDJLW DYHF XQ RX SOXVLHXUV VXEVWUDWV 6 SRXU GRQQHU XQ
LQWHUPpGLDLUH 5 TXL GRQQH OH SURGXLW GH UpDFWLRQ 3 WRXW HQ UpJpQpUDQW OH FDWDO\VHXU (Q
pOHFWURFKLPLHOHVUpGXFWLRQVSHXYHQWVHUpVXPHUSDUOHVVFKpPDVVXLYDQWV
3RXUOHFDWDO\VHXU& &H '(34
3RXUOHVXEVWUDW6  6H 5(65








/¶HIIHW FDWDO\WLTXH WUDGXLW GRQF O¶LQWHUDFWLRQ HQWUH OH VXEVWUDW HW OH FDWDO\VHXU UpGXLW DYHF
UpJpQpUDWLRQGHFHGHUQLHU
'6   &3
3RXU TXH FHWWH UpDFWLRQ VRLW WKHUPRG\QDPLTXHPHQW SRVVLEOH GH OD JDXFKH YHUV OD GURLWH
O¶HQWKDOSLH OLEUH VWDQGDUG GH OD UpDFWLRQ GRLW rWUH QpJDWLYH &HWWH FRQGLWLRQ V¶H[SULPH SDU
O¶LQpTXDWLRQ
 (34(65R(65HVWOHSRWHQWLHOVWDQGDUGGXFRXSOH65
/D UpDFWLRQ JOREDOH SHXW VH WUDGXLUH SDU XQH VXFFHVVLRQ GH GHX[ UpDFWLRQV pOpPHQWDLUHV OD












'DQV FHV UpDFWLRQV OH FDWDO\VHXU MRXH OH U{OH G¶XQ UHODLV G¶pOHFWURQV HQWUH O¶pOHFWURGH HW OD
























UpDFWLRQ/HGpIL PDMHXUGH O¶pOHFWURFDWDO\VHHVWGH WURXYHUGHV V\VWqPHVTXLSHUPHWWHQWGH
IDLUHGHVWUDQVIHUWVG¶pOHFWURQVHWGHSURWRQVPXOWLSOHVWRXWHQFRQVHUYDQWOHXUHIILFDFLWp

I.8.Microscopie électronique en transmission 
/D PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ 7(0 SHUPHW OD FDUDFWpULVDWLRQ j O¶pFKHOOH
DWRPLTXH GHV VWUXFWXUHV FRPSRVLWLRQV FKLPLTXHV SURSULpWpV RSWLTXHV pOHFWULTXHV HW
PDJQpWLTXHV G¶pFKDQWLOORQV VROLGHV 8QH PXOWLWXGH G¶LQIRUPDWLRQ SHXYHQW rWUH REWHQXHV
FRPPH OD VWUXFWXUH GHV GpIDXWV OHV GpIRUPDWLRQV FULVWDOOLQHV OD FKLPLH GHV LQWHUIDFHV OD
FDUWRJUDSKLH GHV RUELWDOHV« /HV pFKDQWLOORQV pWXGLpV GRLYHQW rWUH DPLQFLV DILQ G¶rWUH
WUDQVSDUHQWVDX[pOHFWURQV/¶DQDO\VH7(0HVWGRQFGHVWUXFWLYH
/HV pOHFWURQV VRQW pPLV SDU OH FDQRQ FRQVWLWXp G¶XQ ILODPHQW HW GH GLIIpUHQWV pOpPHQWV
G¶H[WUDFWLRQ/HVpOHFWURQVVRQWHQVXLWHDFFpOpUpVVRXVXQHWUqVIRUWHWHQVLRQFHQWDLQHVGHNH9
DILQG¶DXJPHQWHUFRQVLGpUDEOHPHQWOHXUVYLWHVVHV/DSRVVLELOLWpGHUpDOLVHUXQPLFURVFRSHDYHF











x O¶H[LVWHQFH GH V\VWqPH GH YLGH SHUIRUPDQW SHUPHWWDQW DX[ pOHFWURQV GH VH SURSDJHU
OLEUHPHQWjO¶LQWpULHXUGHODFRORQQH




















/¶LQWHUDFWLRQ GH SKRWRQV G¶XQH VRXUFH ; DYHF OD PDWLqUH UHQG LQVWDEOHV OHV DWRPHV TXL OD
















HQ DOXPLQLXP $O .Į  H9 /HV PHVXUHV VRQW IDLWHV j WHPSpUDWXUH DPELDQWH HW OD
SUHVVLRQGHIRQFWLRQQHPHQWHVWLQIpULHXUHj7RUU/HVGLIIpUHQWHVpQHUJLHVGHOLDLVRQVRQW
UpIpUHQFpHVSDUUDSSRUWjFHOOHGXFDUERQHVH9/HWUDLWHPHQWGHVVSHFWUHVHVWHIIHFWXp










II. Caractérisations physico-chimiques des POMs étudiés 
II.1. Famille Dawson phosphotungstates 
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II.1.2. Spectroscopie RMN 
































































































II.1.4. Spectroscopie infrarouge 










































II.2. Famille Keggin silicotungstates 
II.2.1. Spectroscopie UV-visible 























II.2.2. Spectroscopie infrarouge 











































































































































II.3. Résultats complémentaires pour les expéǯirradiation et 
synthèses de nanoparticules 












































































































































II.3.2. Etude cinétique de la réaction photochimique 
POM/Isopropanol 
/HPpFDQLVPHFRQVLGpUpHVWFHOXLSURSRVpSDU7<DPDVH
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/RLGHYLWHVVH/DUpDFWLRQDpWpGpWHUPLQpHFRPPHpWDQWO¶pWDSHFLQpWLTXHPHQWGpWHUPLQDQWH
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II.3.3. Synthèses de nanoparticules de palladium par irradiation 
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Résumé / Abstract 
6\QWKqVH HW FDUDFWpULVDWLRQ GH QDQRSDUWLFXOHV PpWDOOLTXHV K\EULGHV j EDVH GH
SRO\R[RPpWDOODWHVDSSOLFDWLRQjO¶pOHFWURFDWDO\VH
/HVSRO\R[RPpWDOODWHV320VVRQWDXMRXUG¶KXLUHFRQQXVSRXUOHXUVGLYHUVHVDUFKLWHFWXUHVHW
DSSOLFDWLRQV 1RXV QRXV HQ VRPPHV LFL VHUYLV DILQ GH V\QWKpWLVHU GHV QDQRSDUWLFXOHV GH
SDOODGLXPSXLVTXH OH320YD MRXHUj OD IRLV OHU{OHGHUpGXFWHXUGXFDWLRQPpWDOOLTXHPDLV
DXVVLGHVXUIDFWDQWGHVQDQRSDUWLFXOHV
$SUqVDYRLUIDLWGDQVXQSUHPLHUWHPSVO¶pWXGHpOHFWURFKLPLTXHG¶XQHVpULHGH320VLVVXVGH
OD PrPH IDPLOOH GHX[ G¶HQWUHHX[ RQW pWp XWLOLVpV SRXU OD V\QWKqVH GH QDQRSDUWLFXOHV GH







6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI K\EULG PHWDOOLF QDQRSDUWLFOHV EDVHG RQ
SRO\R[RPHWDODWHVDSSOLFDWLRQWRHOHFWURFDWDO\VLV
3RO\R[RPHWDODWHV 320VDUHNQRZQIRUWKHLUKLJKGLYHUVLILFDWLRQ LQ WHUPVRIDUFKLWHFWXUHV
DQGDSSOLFDWLRQV320VDUHXVHGLQWKLVZRUNIRUWKHV\QWKHVLVRISDOODGLXPQDQRSDUWLFOHVVLQFH
WKH\DFWERWKDVDUHGXFHURIPHWDOOLFFDWLRQDQGDVVXUIDFWDQWRIQDQRSDUWLFOHV







.H\ZRUGV SRO\R[RPHWDODWHV HOHFWURFKHPLVWU\ QDQRSDUWLFOHV SDOODGLXP SKRWRFKHPLVWU\
HOHFWURFDWDO\VLVQLWUDWHLRQVE\EULGVPDWHULDOV
